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THE ANNUAL CONFERENCE ON HIGHWAY 
ENGINEERING 
The Conference on Highway Engineering is held an-
nually during the latter part of February or the beginning 
of March by the Department of Civil Engineering of the 
University of Illinois with the cooperation of the Illinois 
Division of Highways and the Illinois Association of 
County Superintendents of Highways. 
It started in 1914 under the name of the Short Course 
in Highway Engineering as a two-weeks training school for 
the newly-created County Superintendents of Highways. 
Since then its character has been changed from time to 
time to meet the ever-changing conditions of road build-
ing and administration in the state. In 1935 the present 
name was adopted. 
Throughout the years the object has been to provide an 
opportunity for the highway builders and administrators 
of the state to get together for mutual acquaintance, to 
discuss the many problems that confront them, and to gain 
the latest and best information pertinent to their work. 
The results have demonstrated the value of the meeting, not 
only to those attending, but to the communities or interests 
they represent. 
The Conference is open without fee to anyone interested 
in any way with improving the roads and streets of the 
state. The normal attendance consists of state, county, 
city, and local engineers and officials, road and street con-
tractors, material and equipment dealers, and many others. 
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I. W'ATERW A Y PROBLEMS AND ILLINOIS HIGHWAYS 
CARTER JENKINS* 
During the past few years it has been the privilege of the speaker 
to appear before many gatherings to discuss the activities of the Illi-
nois Division of Waterways, but no occasion is more thoroughly 
enjoyed than is an opportunity to talk to the engineers of the Illinois 
Division of Highways, to the County Superintendents of Highways 
and to some of the engineering students of this great University. Of 
all those who make up this fine audience, I feel perhaps the students 
will be the most critical, for they have before them a prominent 
example of what engineering degrees from the University of Illinois 
and some thirty years of following that profession does to an other-
wise simple and well-intentioned fellow. 
To attempt to really discuss present-day problems of the Division 
of W atcrways would require hours of dissertation long beyond the 
limit of human endurance; so today I will talk briefly about those 
clements of waterway work which arc closely associated with the work 
you arc doing, mentioning certain matters which will greatly influence 
the future history of Illinois in its relationship with foreign dominions 
and nations, and about our relative professional position in National 
Defense. 
How many of you gentlemen really know what is meant by the 
Inland Waterway System of our ~ation? Do you realize that its 
scope, excluding coastal harbors and bays, includes all of the Great 
Lakes, 345 rivers, canals and connecting channels located in thirty-
threc states? A study of these waterways indicates there are using 
them more than 8000 American commercial vessels of all types, 
owned by more than 750 firms, corporations or individuals. 
Of the Nation's inland waterway system, that portion known as the 
?\Iississippi River Valley is of particular importance. Within the area 
served by this grouping of streams there was produced more than 
1 300 000 000 tons of revenue freight in 1939, of which approximately 
30 per cent was transported over inland waterways at a direct saving 
of not less than one dollar per ton, and an indirect saving, due to 
railroad rate reduction, of an even greater sum. 
Of the greatest present moment to the inhabitants of this State 
is the Illinois ·waterway which provides a marine commerce avenue 
*Chi('f Engineer, Illinois Division of "'"aterways, 8pringfie1d, IJ1inois. 
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between the great industrial centers in metropolitan Chicago and the 
Gulf Coast ports. This waterway follows the valley of the Des 
Plaines and Illinois Rivers, utilizing the former channel of the ancient 
glacial outlet of the Great Lakes. The present natural outlet is through 
the St. Lawrence River, but, from the earth movements now in 
progress, it has been predicted that the Chicago outlet will be restored 
in about 2500 years. Whether this prediction will be realized may 
depend upon the continued existence of engineering knowledge for we 
may be able to control the situation by the construction of dikes as 
;vas done in China and in Holland. 
The early development of Illinois is largely attributed to naviga-
tion through its streams and lakes, and this became even more appar-
ent after the construction of the Illinois and Michigan Canal, which, 
among other accomplishments, laid out the canal town of Chicago and 
other now prosperous cities along its reaches. 
Transportation has ever been the greatest problem of any civiliza-
tion and the availability of many types of transportation is a monu-
ment to American ingenuity, faith, and foresight. 
The building of the Illinois and Michigan Canal was the greatest 
engineering accomplishment ever undertaken by a young State. Pres-
ent day contractors, I am informed, frequently complain about the 
obstacles and hazards besetting their work; and the utter unreason-
ableness of specifications, and of engineers, with the exception of my 
good friend, C. M. Hathaway. Surely they could bear their lot with 
greater fortitude if they would but read some of the rugged history of 
the building of that canal. Many contractors became wealthy but 
many more lost what little capital they had in this undertaking. 
Those who took pay in canal certificates and purchased land therewith 
"·ere among the most successful, all of which reminds me of a story: 
One of the early contractors on the Illinois and l\Iichigan Canal, 
who became quite prosperous through the purchase of lands with canal 
certificates, began farming. In the course of time, he bought a fine 
bull to improve his herd. This animal, however, soon proved to be so 
ferocious that it was impossible for anyone to handle him, so he 
roamed at large and thoroughly enjoyed life. His depredations eventu-
ally became so obnoxious and costly, however, that the farmer offered 
a reward of $25 (a lot of money in those days) to anyone who would 
bring him in dead or alive. 
Terry O'Shaughnessy, a cock-sure, spirited Irishman who also 
had worked on the Canal, was afraid of neither man nor devil, and 
on hearing of the reward promptly oiled up his muzzle-loader and 
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declared the money was his. As a result of considerable talk at 
taverns and general stores, a large crowd gathered to watch Terry 
bring in the bull. 
On the appointed day, Terry double-loaded his faithful musket 
and set out to shoot the bull in the far corner of the east forty. 
Eventually, the bull caught sight of Terry and his red hair, began 
to snort and bellow and paw the earth-and Terry's nerves began to 
suffer. However, he drew a careful bead as the huge bull began to 
charge ferociously toward him. A violent case of jitters seized Terry. 
He dropped the gun and fled for his life. 
The chase was so long, however, that Terry had a chance to ponder 
his most embarrassing situation, and as he neared the barn and the 
assembled crowd, he shouted so that all could hear-"Clear the way, 
boys-I'm bringing him in-alive." 
Since the beginning of our Government every mode of transporta-
tion has been subsidized and fostered at public expense. Benefits were 
in the form of land grants, railway mail contracts, ocean and railway 
subsidies, and highway, waterway and harbor improvements, in addi-
tion to great sums being spent on our merchant marine. 
Almost $1 000 000 000 of taxpayers' money made possible the 
trans-continental railroads, and it appears absurd to us who support 
highways and waterways to have such a howl made because a few 
million dollars have been spent on these improvements. 
The shipping public supports all forms of transportation and is 
entitled to the unrestricted use of that transportation medium best 
suited to its immediate purposes at the lowest cost, commensurate 
with fair and reasonable profit. 
The principal public aid to the railroads was the granting of 
almost 177 000 000 acres of land by State and Federal Governments, 
and even between 1913 and 1936 more than 17 000 000 acres of 
public lands were granted to the railroads. The area of all public 
lands donated to the aid of the railroads exceeds the entire area of the 
nine New England and Middle-Atlantic States of Maine, New Hamp-
shire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, 
New Jersey and Pennsylvania. Furthermore, the railroads are the 
principal beneficiaries of more than $720 000 000 spent by the Fed-
eral Government on sea coast harbors and channels; and, according 
to the records available for 1935, it appears that railroads operated 
more than 2100 steamboats, tugs, barges, car floats, canal boats and 
other pieces of floating equipment on our system of inland waterways 
and coastal harbors. 
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Two years ago when you so graciously invited me to speak before 
you I outlined the then recent decisions regarding construction per-
mits for highway drainage structures. Previous to that meeting a 
conference had been held with representatives of the Association of 
County Superintendents of Highways and a change in existing stand-
ards had been discussed. These mutual suggestions had been given 
detailed study and were announced then as being the policy of the 
Division of Waterways until further notice. 
These new requirements have been followed for the past two years 
with the result that our permit work has been materially reduced, 
much to the satisfaction of my own division, and I am sure to that 
of the County Superintendents of Highways. We furthermore believe 
that no public interest has been sacrificed by the less rigid require-
ments for permits on bridge and culvert structures over unimportant 
streams. 
The first step in promulgating a policy of general supervision over 
structures crossing streams or other bodies of water was taken on 
.June 2, 1922, when an agreement was reached between the then Chief 
Highway Engineer Clifford Older and Superintendent W. L. Sackett 
of the Division of Waterways, which brought to public attention the 
rather dangerous possibility of permitting individual designs to be 
incorporated in road construction without some central office of State-
wide scope to pass upon the adequacy thereof. Since then require-
ments have been occasionally revised. 
In the intervening years the Superintendents of Highways and the 
personnel of the Division of ·waterways have learned much about 
stream flow. Experience, after all, is the best teacher, and, with more 
than twenty years of planning to draw upon, we think that more and 
more care will be given to bridge and culvert design with less and less 
likelihood of inadequate structures being proposed. 
The administrative standards set as a result of the conference two 
years ago required formal permits for all ·work on the Illinois "\Vater-
way, the Illinois and Michigan Canal, the Illinois and Mississippi 
Canal, the Fox Chain of Lakes, and, in addition, those rivers and 
streams designated by heavy lines on an accompanying map and noted 
in the instructions as "important streams." 
A new minimum criterion of 300 square feet opening for bridge 
and culvert structures was also announced as the lower limits of 
design on all other streams to be referred to the Division of Water-
ways for checking and approval. Since that time we have yet to 
learn of any serious flooding resulting from the building of such 
structures. 
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In the case of structures over unimportant streams in excess of 300 
square feet of waterway opening, we have accepted the signature of 
the County Superintendents of Highways or other officers on letters 
of explanation and letters of approval or disapproval issued thereon. 
'Ve have found, however, that, on important streams, which because 
of their location or size possess more general public interest, the 
signature of the Chairman of the Board of Supervisors upon the 
official application, accompanied by an authorizing resolution of the 
Board, is the best protection for county officials. 
At the meeting two years ago a report also was made upon the 
possibility of not requiring contractors engaged on work to obtain 
permits where such work was being performed on streams requiring 
permits. Perhaps the contractors have not secured such permits in 
all cases, but this has not been made a matter of legal attack by some 
disgruntled taxpayer. We still believe that no exception should be 
made in this instance, as the law specifically states that any one per-
forming work in public waters must obtain a permit. 
The new regulations authorizing, without permit, channel changes 
of less than 200 square feet area on unimportant streams, have also 
been of assistance to the County Superintendents, I believe. This 
200 square feet area is measured below the normal bank of the 
affected stream and indicates the actual flooded channel way of the 
stream. Channel changes of such areas have been built without 
reference to the Division of Waterways, and no adverse effect, so far, 
has been reported. 
In excellent cooperation with the Division of Waterways, the 
Division of Highways promptly issued these instructions to all County 
Superintendents, setting forth the new requirements, and this has done 
much toward clarifying the respective positions of the two divisions. 
The instructions issued over the signature of Engineer George H. 
Baker were well prepared, and, as far as I know, have been clearly 
understood by all the Superintendents. 
Let me again assure all County Superintendents of Highways that 
the Division of Waterways will be happy to work with them in any 
problem which they may have, not only in regard to strictly highway 
structures but also in other hydraulic matters which may be brought 
to their official attention. 
Now that we. have mentioned present requirements, let us con-
sider the future, and review a recent decision of the United States 
Supreme Court because of the far-reaching effects of a possible 
technical interpretation. 
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On December 16, 1940, the Supreme Court of the United States in 
the case of the United States vs. Appalachian Electric Power Com-
pany prescribed a new test for determining whether a stream is 
navigable. 
The New River in Virginia, the stream in question, is navigable 
in fact over its lowest reach, and, as such, is under the jurisdiction of 
the 'War Department. The upper reaches of the New River, however, 
where the location of a power dam was proposed lie in mountainous 
terrain; and while such a stream might conceivably be made navi-
gable, the practicability thereof would never be considered. 
It is well known that navigable streams are under the primary 
jurisdiction of the War Department, and Sections 9 and 10 of the 
Rivers and Harbors Act of 1899 make it unlawful for any State or 
political subdivision to construct a bridge, dike, etc., over or in any 
navigable river or other navigable water of the United States without 
the consent of Congress and without the prior approval of the plans by 
the Chief of Engineers and the Secretary of War. 
The writer desires in no way to appear critical of the United 
States Supreme Court or its decisions, for these are based upon a 
thorough knowledge of the law. However, the dissenting opinion in 
the case under consideration is of interest, because under a most far-
fetched interpretation possibly every rill and puddle in the State of 
Illinois might be theoretically classified as navigable water. Appar-
ently, the new test for determining whether a river is navigable or 
not is best stated in that opinion as follows: 
Every creek in every State of the Union which has enough water 
when conserved by dams and locks or channelled by wing dams or 
sluices to float a boat drawing two feet of water, is rendered navigable 
if such a condition can be brought about by the expenditure of 
enormous sums of money, though the stream is not navigable in its 
natural condition, and no such expenditure has been made or is even 
contemplated. 
You can readily see how demoralizing this might be to the road 
programs of the State of Illinois and its counties if it were strictly 
interpreted, and such certainly was never the intention of Congress 
in passing laws relative to building of structures in or over navigable 
streams. 
From a practical viewpoint it is not believed that such an inter-
pretation will ever be made. For years the several. district offices of 
the Corps of Engineers of the War Department have had a list of 
streams which are classified as navigable waters of the United States, 
and, where work is performed over same, Federal permits are required. 
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I am reliably informed that there is no indication that the Corps 
of Engineers will revise this list to consider streams of lesser im-
portance than those now classified, and that it is not the practical 
intention of the Corps of Engineers to extend its jurisdiction beyond 
that which it has exercised in the past. This, therefore, should not 
adversely affect in any way the problems presented to the Division 
of Highways or to the County Superintendents of Highways. 
The case in question was one which related solely to hydro-electric 
power development which would come under the jurisdiction of the 
Federal Power Commission, and, had this particular angle not been 
present, I believe the new test for navigability of streams would not 
have been applied. 
The Division of Waterways at the present time, among other 
duties, is engaged in the huge task of preparing a gazette of streams 
and lakes of the State, and these data, when eventually available for 
public distribution, will provide information regarding the classifica-
tions of streams as to navigability and relative importance, and as to 
whether they are under the joint jurisdiction of the Department of 
Public Works and Buildings and the War Department, or solely 
under the jurisdiction of the Department of Public Works and Build-
ings, or whether no jurisdiction will be exercised. 
This division has· had many perplexing problems in the past 
regarding the practicability of exercising jurisdiction over streams of 
various sizes, and we hope in this gazette to be able to publish for 
public use a classification which may be used as a future guide on 
the part of those interested in developments along streams and 
waterways. 
No talk on waterways before a group of engineers can be com-
plete without reference to the St. Lawrence Seaway Project which is 
again being considered by the United States and Canada. We feel that 
no domestic issue is of greater importance, for it affects not only the 
domestic economy of our Nation, but also its defense. 
Agitation for the proposed treaty of the Great Lakes-St. Lawrence 
Seaway and Power Project was first begun in 1909, and since that 
time much work, both legal and technical, has been done in presenting 
the project for approval of the governments of Canada and the United 
States. This movement gained major impetus in 1919 through the 
formation of the Great Lakes-St. Lawrence Tide Water Association, 
and an amendment to the Rivers and Harbors Act was passed re-
questing an investigation and report on the feasibility of improving 
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the St. Lawrence River for ocean-going vessels in the reach between 
l\Iontrcal and Lake Ontario. 
In 1921, the International Joint Commission submitted a report 
recommending the improvement of the St. Lawrence River to a depth 
of 25 feet in the canals, and 30 feet over lock sills, at an estimated 
cost of $252 728 000. 
In 1924, President Coolidge appointed the St. Lawrence Commis-
sion for the purpose of further advising on the economic feasibility 
of the proposed deep waterway. A joint Board of Engineers, con-
sisting of three Americans and three Canadians, was appointed to 
review the engineer's report of 1921. The Joint Board of Engineers 
estimated that the improvement, consisting of a 25-foot channel and 
the development of power resources in the St. Lawrence between 
Montreal and Lake Ontario, would cost approximately $650 000 000. 
In addition, approximately $45 000 000 would be required to improve 
Great Lakes channels above Lake Ontario to the required depth of 
25 feet. 
The conclusions of the St. Lawrence Commission were presented 
to the Canadian Government but postponement was requested pend-
ing receipt of further information. Eventually the Dominion Govern-
ment stated that it believed negotiations were premature at that time. 
In 1930 the State of New York entered the scene by appointment 
of the St. Lawrence Power Development Commission to investigate 
power possibilities of the river contiguous to New York State and 
the "Power Authority of the State of New York" was created in 1931. 
In 1932, a treaty between the United States, Canada and Great 
Britain, relative to this river development, was submitted to the 
United States Senate for ratification but was rejected on March 14, 
1934. The Senate based its disapproval upon testimony which indi-
cated great damage to existing transportation systems of the United 
States and destruction of port property values along the Atlantic 
seaboard, the Gulf Coast, and in the Great Lakes. 
On May 28, 1938, however, a new treaty was submitted by the 
United States to Canada which provided for a St. Lawrence Seaway 
and incidental power developments, but Premier Hepburn and Premier 
Duplessis of Quebec definitely opposed the measure. 
Since the outbreak of the present World War, the Canadian 
attitude appears to be changed and the whole St. Lawrence Seaway 
Proj cct has been revived in Washington. 
The St. Lawrence flows nearly 1200 miles from the eastern end of 
Lake Ontario to the Atlantic Ocean and is one of the world's most 
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magnificent summer inland waterways. This great physical grandeur 
does not necessarily endow it, however, with the many features that 
must exist if the proposed Seaway Project is to be economically 
j ustifi cd. 
The first 110 miles of this river from its beginning at Lake Ontario 
is a part of the boundary between the United States and the Dominion 
of Canada, and then seaward the river flows wholly within Canadian 
territory. 
The St. Lawrence River, however, is not always open to naviga-
tion, for with the winter ice forms, resulting in the river being locked 
in an arctic grip for almost five months of the year. 
Beginning in 1783, earlier treaties between the United States and 
Canada, gave us perpetual right to the use of water of the St. 
Lawrence River below the international boundary as a waterway 
between the Great Lakes and the Atlantic Ocean. Earlier treaties also 
left Lake Michigan and its entire watershed as strictly American terri-
tory, and as such under the jurisdiction of Congress, without reference 
to any other foreign legislative body. 
Although recent newspaper reports indicate that the project is 
revived, no draft of a treaty has been made available, and conse-
quently reference must be made to the treaty proposed in 1938, which 
is particularly grievous to the Midwest in its final ramifications. The 
most objectionable feature is the proposed internationalization of Lake 
Michigan with the resultant loss of jurisdiction by the United States 
Congress. Briefly, the principal other reasons for objecting to the 
consummation of the treaty arc listed as follows: 
(a) An unequal division of cost as proposed, which places the 
burden upon the United States with the result that foreign labor will 
be employed by American funds. 
(b) Ocean navigation even with the 27-foot project depth is not 
economically adapted to the Great Lakes, and claims of grandiose 
benefits will not be realized. 
( c) The proposed power development along the Seaway probably 
would be of primary benefit only to a sparsely-settled portion of the 
State of New York, and its boundary location would greatly increase 
problems of National Defense. 
(d) The ratification of the treaty would require dredging of cYery 
Great Lakes harbor to accommodate ocean-going vessels at a tre-
mendous cost, believed above any possibility of reasonable financial 
return. 
( e) The proposed waterway would provide undesirable competi-
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tion with our great inland waterway system of which the Illinois 
W atcrway is a most important link. 
I believe that, confronted as we arc with a terrible shortage of 
naval vessels, planes, and antiaircraft defense, coast defense, mobile 
land defense units, and particularly of trained men of both military 
and industrial classifications, it is inopportune at this time to divert 
time and energy to such a project when our own defense problems 
are of such overwhelming magnitude. 
The time required for the construction of the project would place 
its opening so far in the future that it would be of no value now as 
a defense measure for either Canada or the United States. Further-
more, its cost might be greatly in excess of the present estimate of 
$426 757 000. If all costs are to be considered, most likely the grand 
total to be borne by both countries would reach the stupendous sum 
of $1 220 588 000 over a 50-ycar period of operation. 
The volume of annual tonnage of the Great Lakes exceeds that of 
all ocean harbors on the Atlantic and Pacific coasts of the United 
States, but only a small fraction of that tonnage would go up or down 
the St. Lawrence. 
England is now at war. :Movement of American facilities through 
the St. Lawrence is entirely upon the sufferance of that nation, and 
protests against undue restrictions and unreasonable requirements pay 
no dividends to distressed ship owners, shippers, firms and munici-
palities. 
The Canadian-owned island of Anticosti can easily be made to 
serve as an effective plug to the St. Lawrence. It is not by accident 
that the Union Jack floats over such allegedly impregnable defensive 
works as those at Gibraltar, Singapore, and Halifax. These bases arc 
maintained at a terrific cost to the British taxpayer, in order to 
protect the interests of that nation, and only that nation. 
The conflicts between England and other countries with which we 
wish to deal, have almost paralyzed our ocean trade overnight. In 
case still other powers arc drawn into the conflict, this condition may 
increase to an even greater extent. At present, however, using our 
All-American inland waterways, trade with certain neutrals, and our 
South American neighbors at least may be continued. As an artery 
of commerce during the present world crisis, even were the St. 
Lawrence project complete, its value to American navigation would be 
almost zero. 
When we built the Panama Canal we took great care to first 
acquire a strip across the Isthmus, ten miles in width, to give the 
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United States full and complete control of this great improvement. 
From the open sea at Colon to the open sea at Panama, there is no 
foreign fortified sea base within close range, but once in operation the 
St. Lawrence Seaway could stand as a perpetual menace to American 
interests-"a sword of Damocles suspended over our heads and con-
nected with a powder train that a tiny match of misunderstanding 
might change into a detonation of high explosives." Bear in mind that 
a nation that controls the mouth of a great arterial river, likewise 
dominates the destiny of the territory tributary to that stream. That is 
what England tried to do in 1815 when Andrew Jackson won his 
memorable victory at the Battle of New Orleans. 
It is our patriotic duty to help build up, not foreign ports, but our 
own ports along the Mississippi River and the Gulf. The St. Law-
rence enters the Atlantic along the shore of Labrador, the home of 
fogs and icebergs. In 1912 the Titanic went down with a loss of 1517 
passengers and in 1914, on the St. Lawrence itself, the rEmprcss of 
Ireland went down in a fog, with 1057 aboard. The year-round ice-
free Port of New Orleans is served by the warm anq friendly waters 
of the Gulf of Mexico, ·and its shores are ever patrolled by the naval 
might of Uncle Sam. 
Utmost in the minds of every patriotic American today is the 
matter of National Defense and how we can best help to make this 
Nation secure from an ideology which is based in the final analysis 
upon serfdom for the many and unscrupulous totalitarianism enforced 
by the gangster few. I am certain this conference will elicit discus-
sions on defense transportation which were unthought of at the begin-
ning of the first World War. Every man here has a part to play-
differing entirely from that played by hiin or anyone in 1917. 
Our great system of paved roads has come into existence since 
that time. The great advance in the design and construction of trucks 
has occurred in more recent years, and now there exist, instead of 
· an overloaded and inadequate system of railroad lines, two other 
great means of transporJation, viz., our national highway system and 
bur improved and connected system of inland waterways. 
Neither you nor I have any desire to sec this country again in-
volved in war, and apparently it seems that we· have learned in time 
the bitter lesson that the greatest insurance for peace is to be so 
strong that no hellish alliance will dare to attack this Nation. 
Furthermore, we realize, particularly those of us who served in 
the last conflict, that preparedness means much more than merely men 
and guns. Preparedness really means a coordinated and related de-
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fense comprising military, industrial, transportation, communication, 
and agricultural activities welded to a common cause, to serve not 
only a wall of trained fighting men but the needs of the civilian 
population scattered throughout this far-flung Nation. 
America is a nation of vast distances, and transportation today is 
probably the greatest single element of successful defense of this 
country, which is vulnerable along both sea coasts. Nature has placed 
our raw materials remote from many manufacturing plants and any 
future front line of defense may necessarily be far distant from 
sources of supply. Should a great national emergency arise, our rail-
roads again will be needed for the rapid movement of troops and 
equipment. 
The old soldiers of 1918 will remember how desperate the trans-
portation problem was then. The American railroads were totally 
unable to meet the demands placed upon them. Too much freight 
was directed to Northern ports, while the Southern ports were avail-
able for shipping but railroad cars were not available to provide 
cargoes. 
Then this Nation did not have its great highway system criss-
crossing the country in every conceivable direction, nor did it have 
a system of inland waterways, for the railroads had taken care to 
stifle this undesirable competition in preceding years, and waterway 
transportation was at the lowest ebb in American history. 
During my service in France I recall particularly the great con-
gestion of military supplies at the great French ports due to improper 
planning of railroad use, and lack of executive ability on the part of 
general officers in the service of supply. In my opinion, the most im-
portant and decisive step that Pershing ever took was when he with-
drew one of the most capable officers the American Army has ever 
produced, Major General .James .J. Harbord, from a brilliant battle 
offensive to make him Commanding General of the S.O.S. This pre-
vented the personal promotion of Harbord to the rank of Lieutenant 
General, but it created a well-supplied and. well-backed American 
Army which turned the tide in favor of the Allies. Harbord was big 
enough to forego the personal reward of service and brilliancy, to win 
a war for his country, and the achievements of this mah must again 
be duplicated if this Nation should ever enter the conflict. 
This Nation must have an adequate transportation system to 
bring together all elements of industry and materials; to bring ore 
and coal and limestone to the furnaces, scrap and billets to the mill, 
shells and explosives to each other, and, finally, the material for a 
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self-sustaining army to within reach of the active forces on the battle 
line. This means that there must be in this Nation a coordinated sys-
tem of railroads, highway freight carriers, and waterway carriers, 
each within its own sphere, and each supplementing the efforts of the 
others. 
Inland waterways have always played a vital role in national 
defense in every war in which this Nation has engaged. The con-
struction of the Illinois and l\Iichigan Canal resulted from a bitter 
lesson learned in the War of 1812. Its greatest service to Illinois and 
to the people of the North was rendered during the days of the Civil 
\Var when it has been said that tow boats were bow to stern for miles 
on end, all loaded with military supplies for the Union forces. 
The greatest impetus given to the building of the Illinois Waterway 
came from the even more bitter lessons learned by war congestion in 
1917 and 1918; and this influence was further felt in the renewed 
agitation to create within Illinois a system of modern hard roads. 
Most of you men can remember when Illinois' roads were navi-
gated rather than traveled, and I feel that no one appreciates more 
than I the usefulness and convenience of this great system which has 
been built for freight and passenger service of the Nation. 
I shall never forget seeing my first tractor. It was in France dur-
ing the bitter fighting of September and October 1918. At one of 
the great depots there was a huge accumulation of new trucks await-
ing loading and dispatch to the front. Rains had been incessant, and 
the enormous storage yard was a sea of mud, so much so that hip boots 
were necessary for the soldiers to move about the area. Unloaded 
trucks stood hub deep in mud and loaded ones were even more deeply 
submerged. Needless to say, transportation appeared to be at a 
standstill. 
France possessed a fine national system of macadam roads, so 
that these trucks could move if they could ever reach the highway. 
Suddenly and to my everlasting surprise each loaded truck in turn 
was taken i_n tow by a most ungainly and wheel-less contraption and 
steadily and skillfully led through that sea of mud to its proper posi-
tion in the convoy forming on the highway. Other of these units were 
spotting empty trucks for loading operations and quickly and effec-
tively a great convoy was formed and sped away to Northern France. 
Such an experience created a respect in me for tractor equipment that 
can only increase as we daily learn of new applications of this type of 
motive power. 
During the war breakdown of railroad transportation, the im-
20 ILLIXOIS ENGINEEil!NG EXPERI'.\!EXT STATION 
portance of our rivers was overlooked, until in desperation the GoY-
ernment was forced to turn again to the Mississippi River and its 
tributaries, and to put into service every available piece of floating 
equipment to help untangle the transportation puzzle. 
Mid-Continent America can justifiably be proud that our inland 
waterways today are better prepared than ever before in history to 
perform their part in a national defense program; and we can take an 
even greater pride in the existence of an unsurpassed system of co-
ordinated highways which make available a new medium of trans-
portation wholly unavailable during the last conflict. 
Due to the increasing importance of both highway and waterway 
transportation in recent years there has occurred a rebirth of rail 
transportation. Railroads have increased their capacity; roadbeds 
have been vastly improved; heavier steel rails have been placed; 
greatly improved types of cars and locomotives are in constant opera-
tion; and practically every rail terminal in the Nation has been 
enlarged and modernized. Without such competition it appears 
unbelievable that the railroads would have reached their present high 
degree of development. 
Both the Army and Navy have made radical changes in war plans 
and methods because of the strides achieved in improved transporta-
tion facilities. Essential war industries are being placed in areas as 
safe as possible from attack by enemy air armadas. They have been 
located adjacent to superior lines of transportation, both rail, high-
way and \vaterway, and locations as close as possible to raw materials 
have been sought. Our air defense command has been moved to Scott 
. Field, Illinois, in our great Central Area and the huge munition plants 
building in this and nearby states indicate the military appreciation of 
all available resources. 
Our Mid-Continent area, protected by the Rocky Mountains and 
the Appalachian Mountains, produces almost 90 per cent of the 
~ation's sulphur, iron ore, and bituminous coal, more than 75 per cent 
of its natural gas, crude petroleum, corn, oats, rice, cotton, wheat, 
wool and salt, and is more nearly self-contained and self-sustaining 
than any other section of the Nation. 
Although planned somewhat as a source of employment, the great 
locks and dams forming navigation pools in the Mississippi River and 
many of its tributaries will aid this Nation in a degree far exceeding 
the cost thereof, and provide a system of transportation largely 
invulnerable to anything except attack by occupation. 
In passing, permit me to mention the part played by our merchant 
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marine which bears the produce of this great region of ours from the 
ocean boundaries to foreign lands. Due to the foresight of some of 
our leaders, we have a merchant marine which can now move 
American products to market and return with essential war materials. 
I wonder where our trade with Latin America, amounting to more than 
$1 300 000 000 during 1939, would have gone had there not been 
available American boats to transport the articles of commerce; and 
what would have happened to our most valuable trade with the Far 
East, with Africa, and many other foreign countries outside of the 
belligerent zone. The Gulf boundaries are the logical gateways of the 
Mid-Continent basin to all the Latin American countries, and to many 
of the markets of the world. 
Our highways and waterways and our railroads are better pre-
pared today to meet a world emergency than ever before, but this 
must not make us satisfied with present achievements. Each and 
every engineer here should work incessantly to make his particular 
assignment more effective in the improvement of transportation, and 
hence more valuable in the general program of National Defense. 
Conferences like these enable us to discover the imperfections in our 
present engineering solutions and provide methods to correct them. 
The leaders of highway development must keep in close contact with 
defense authorities, and see that they are informed so thoroughly 
that each new manufacturing plant may be served by all possible 
transportation mediums. 
:My remarks here are only a sketchy outline of the part that inland 
America must undertake and perform in its own defense. It's a 
challenge requiring the unlimited efforts of all. Knowing intimately 
the :Mississippi Valley and its people for many years, I have unshaken 
belief in the willingness of each to accept his proper responsibility, and 
in our engineering ability to create a multi-unit transportation sys-
tem to form a part of an eternal bulwark of liberty, security, and 
happiness for our citizens. 
II. STABILIZED ~IUD 
E. L. HANSEN* 
This paper \vas a condensation of the manuscript "The Suitability 
of Stabilized Soil for Building Construction," by E. L. Hansen, which 
has recently been published by the Engineering Experiment Station of 
the University of Illinois as Bulletin No. 333. Copies of this bulletin 
may be obtained upon application to Engineering Experiment Station, 
Urbana, Illinois. 
*Assistant in Agricultural Engineering, Univerf.ity of Illinois. 
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III. TYPES OF BLACK-TOP ROADS 
CARL l\I. WAHL* 
There seems to be about as many types of black-top surfaces as 
there are people building them. Not only docs everyone have a pet 
type, but generally, a pct name for it, and, in addition, a pct name for 
some of the individual operations. As an example of an operation, 
take a light application of bituminous material out on the road. It 
depends on the person speaking whether it is called a tack coat, a seal 
coat, a fog coat, or a mist coat, and after all each one is nothing but 
a squirt of bituminous material. The various names used to describe a 
thin, bituminous surface may be an armor coat, a carpet coat, a 
blotter treatment, a double seal coat, a triple seal coat, a skin treat-
ment, or upside clown penetration. And when you get right down to 
the point it is necessary to ask the person what he is talking.,about 
for no two people ever use the terms to mean exactly the same thing. 
In order to bring some order out of chaos and to establish a logical 
basis of competition, the Bureau of Public Roads, now the Public 
Roads Administration, set up a simple classification of bituminous 
wearing surfaces which has been adopted by the Illinois Division of 
Highways. In this classification, Class A rates the lowest and is 
cheapest to build; Class J is the highest and most expensive. Various 
types in the same class arc referred to as sub-classes. 
Now I will discuss the various classes and sub-classes as they per-
tain to the Illinois specifications. The lowest and cheapest surfaces arc 
Class A, and are called surface treatments. The term "surface treat-
ment" is generally applied to surfaces less than one inch in thickness. 
We have divided the A class into three sub-classes-A-1, A-2, and A-3. 
Sub-class A-1 is a thin surface treatment designed for a graYcl or 
crushed stone base. Briefly, this treatment consists of a prime coat 
and three alternate applications of bituminous material and chips. In 
other words, it is constructed like a three-decker sandwich. No mixing 
is required with this type. The total thickness is about % inch. It is 
uniform in thickness over the entire roadway, and produces no leveling 
effect. With this type the finished surface is no smoother than the 
base on which it is placed. It does not add any strength to the base. 
The main reason for building this type is to preserve and protect the 
gravel or crushed stone base when a more expensive type cannot be 
*Assistant Highway Engineer, Illinois Division of Highways, Springfield, Illinois. 
23 
24 ILLIXOIS ENGINEEHIXG EXPEHL\mNT STATION' 
STATE OF ILLINOIS 
DEP ART~IENT OF PUBLIC WORKS AND BUILDINGS 
DIVISION OF HIGHWAYS 
BunEAU OF CoNsTnucTION 
CLASSIFICATION OF BITUMINOUS SURFACES AND AVERAGE COST 
PER SQUARE YARD 
Class Sub-class General Description 
Cost per 
Square Yard 
cents 
A-1 Used on gravel or crushed 30 
stone bases 
No mixing 
No leveling 
A A-2 Used on brick, concrete or 35 
Surfaces less than l in. old bituminous roads for 
thick leveling Requires mixing 
A-3 Same as A-1 except limited 30 
to powdered asphalt and 
slow curing liquid asphalt 
B 
S.C. liquid asphalt B-1 Road mix 50 
dense graded B-2 :Machine mix 55 200-mesh material 
2 in. to 3 in. thick B-3 Plant mix 60 
Dense graded 
C-1 Road mix 50 
l\I. C. asphalt or tar 
C-3 Road mix 50 
c Fluxed powdered asphalt 
l\I.C. liquid asphalt C-6 l\Iachine mix 55 
R.C. liquid asphalt 1\1.C. asphalt or tar 
Emulsified asphalt Open graded 
Fluxed powdered asphalt C-2 Road mix ,55 
Tar R.C. asphalt or tar 
2 in. to 3 in. thick C-4 :Machine mix 60 
R.C. asphalt or tar 
C-5 Machine mix 60 
Emulsified asphalt 
C-7 Plant mix 65 
R.C. asphalt or tar 
F 
Proprietary mixes 
higher than Class C F-2 Precote (proprietary) 
and lower than H or I F-3 Sealdrok (proprietary) 2-in. min. thickness 
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Cost per 
Class Sub-class General Description Square Yard 
cents 
G-1 Sandstone rock asphalt 
G (Kentucky) 
l\atural rock asphalt 
G-7 Limestone rock asphalt 
(Alabama) 
G-8 Limestone rock asphalt 
(Texas) 
H H-1 Amiesite type (non-
Open-graded bituminous proprietary) 
concrete-two courses H-3 Tar concrete (proprietary) 
2 in. to 3 in. thick Amiesite 
Coarse-graded aggregate type; I 
one course 2 in. thick 
I-1 Coarse-graded bituminous 
concrete (non-proprietary) 
I-3 Warcolite (proprietary) 
I-4 Colprovia (proprietary) 
I-5 Trinidasco (proprietary) 
I Fine-graded aggregate type; 
Dense-graded bitu- 172-in. top, 172-in. binder 
minous concrete (except I-12) 
I-11 Fine-graded bituminous 
concrete (non-proprietary) 
I-12 W arreni te-Bi thuli thie 
(proprietary) (top % in., 
total 2 in.) 
I-13 Warcolite (proprietary) 
I-14 Colprovia (proprietary) 
I-15 Trinidasco (proprietary) 
I-16 Laykold (proprietary) 
J-1 Sheet asphalt (non-
proprietary) 
J J-2 Warcolite (proprietary) 
Sheet asphalt on bin- J-3 Colprovia (proprietary)• der course 
lYz-in. top J-4 Macasphalt (proprietary) 
lYz-in. binder J-5 Crown Rock (proprietary) 
J-6 Trinidasco (proprietary) 
J-7 Fin-lay-cold (proprietary) 
J-9 Laykold (proprietary) 
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justified. This type has been used rather extensively in Illinois. Several 
hundred miles have been built. 
The sub-class A-3 is very much the same as the A-1 in that it is not 
mixed and docs no leveling. It differs from the A-1 chiefly in that 
powdered asphalt is used with a sfow-curing bituminous material. It is 
not designed to carry any portion of the wheel load or to true up the 
surface. Its purpose is to seal the gravel or crushed stone base and 
take the wear and tear of traffic in the same way as the sub-class A-1. 
This type has been used extensively in some parts of the state with 
very good results. The average cost of the A-1 and A-3 is approxi-
mately 30 cents per square yard. It should be borne in mind that for 
small jobs or unusual conditions the cost will be greater. 
The sub-class A-2 is designed as a thin bituminous surface for 
leveling and truing up old brick, concrete, or bituminous roads. This 
type has been used very little in this state. Our general practice has 
been to use a thicker bituminous surface when truing up old pavements. 
Before leaving Class A surfaces, I wish to call your attention to 
some bituminous treatments, thinner and less expensive than the regu-
lar sub-class A-1, which the state has been building for the last few 
years. It is not listed as a sub-class because we have no regular speci-
fication. It consists of a prime and only one application each of bitu-
minous material and chips. For this work we have been modifying the 
sub-class A-1 specifications by omitting the last two applications of 
bituminous material and aggregate. The practice we have been follmY-
ing is to place another application of bituminous material and aggre-
gate the second year and another the third or fourth year. In other 
words, the regular A-1 is built in three installments extending over 
three or four years. From the results to date, it appears that the total 
constructlon and maintenance costs for a four-year period arc less 
when the construction is spread over several years, than when the full 
amount is placed at one time. This type may be used where the 
amount of money available for construction is limited, or where the 
base is questionable. With a questionable base, less money is invoked 
in case the base docs break up. The first year's treatment costs from 
one-third to one-half as much as the regular A-1. 
Class B is a dense-graded aggregate type, between two and three 
inches thick, mixed with slow-curing oil. This type gets most of its 
stability from its packing or matting properties. An example of the 
principle involved is a sand beach. ·when the sand is dry or saturated 
with water it is impassable, but when the moisture content is at the 
right point between these extremes, the sand makes a perfect road. 
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One of the outstanding characteristics of the B type is its re-work-
ing property. The surface may be sacrificed, reshaped, and replaced 
after it has been down for one or more years. The reworking property 
is due to the slow-curing liquid asphalt, which, theoretically, is a non-
hardening material, and retains its softness for a long period. This 
type is particularly suited for localities where there is cheap local 
gravel, or where the base is questionable. If after construction it is 
found that the base requires strengthening, this class offers the highest 
salvage value for the old bituminous surface. Class B surfaces should 
not be built less than two inches thick, and two and one-half to three 
inches is preferable. There has been considerable discussion whether 
or not such a bituminous surface adds any strength to the base. It is 
my opinion that this type cif bituminous surface adds approximately 
the same strength to the base as an equal thickness of plain gravel or 
crushed stone. 
This class is divided into three sub-classes, B-1, B-2, B-3. The 
main feature that sets them apart is the method of mixing. The B-1 
is road mix, the B-2 machine mix, and the B-3 plant mix. Perhaps 
I should explain at this time what is meant by machine and plant mix, 
for the terms will be used many times in describing the various types 
in some of the other classes. The sub-classes specifying a machine mix 
provide for mechanical mixing of the aggregate and bituminous ma-
terial by a pug mill mixer, concrete mixer, or traveling plant type of 
mixer, but do not require screening or drying of the aggregate. The 
traveling plant is the machine generally used on the B-2 type. The 
plant mix requires a plant equipped with a pug mill mixer, revolving 
cylindrical driers for drying the aggregate, and screens for separating 
the aggregate into various sizes. 
Class C includes bituminous surfaces constructed with dense-
graded and open-graded aggregates, using rapid- and medium-curing 
liquid asphalt, emulsified asphalt, fluxed powdered asphalt, and tar. 
This class takes in about all the bituminous materials except the slow-
curing liquid asphalt and asphalt cement. The slow-curing liquid 
asphalt with the dense-graded aggregate is Class B, and where asphalt 
cement is used in mixtures they fall in the higher classes. 
Class C includes both dense-graded and open-graded mixtures. 
The medium-curing liquid asphalts are used in the dense-graded 
mixes only, and the rapid-curing liquid asphalts in the open-graded 
mixes only. 
The dense-graded mixes are separated into three sub-classes. The 
C-1 and C-3 sub-classes are road mixes, but differ in the kind of 
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bituminous material specified. Sub-class C-6 is machine mix. Sub-
class C-2 is road mix. Sub-classes C-4 and C-5 are machine mix, but 
differ in the kind of bituminous material. Sub-class C-7 is plant mix. 
The Class C surfaces are generally used on gravel or crushed stone 
bases. However, they may be used on old brick or concrete. Taken as 
a whole, the Class C surfaces cost from 50 to 65 cents per square yard 
for a two and one-half inch thickness. It should be borne in mind 
that these are averages. ·with large jobs and local aggregate, the costs 
will be less, and on small jobs and shipped-in aggregates the costs will 
be more. \Vhether to use a dense- or open-graded mixture is a moot 
question. On a good base either one will give good results. In my 
opinion, it is pretty much a question of economics and personal prefer-
ence. If cheap local gravel is available, the dense-graded mix should 
be cheaper. \Vith shipped-in materials, there is not much difference 
in cost, and in that case it is a matter of personal preference. 
Class D is the bituminous macadam surface course constructed 
by the penetration method. This is one of the oldest types of bitu-
minous surfaces, and ha::; given good service. The greatest objection to 
its use is the difficulty in getting a smooth riding surface. 
In the Illinois classification only two proprietary mixtures, Precotc 
and Scaldrok, arc included in Class F. They closely resemble the 
Class C surfaces in many respects. 
Class G includes bituminous surfaces constructed of natural rock 
asphalts. Sub-class G-1 is a sandstone which has been impregnated 
by natural process with bitumen native to the rock. Sub-classes G-7 
and G-8 are limestone which have been impregnated in a similar 
manner, but require some processing to make them satisfactory for 
road surfaces. These natural rock asphalts arc not placed directly 
on the base, but must be laid on a bituminous binder. 
Class H includes the open-graded bituminous concretes. They are 
composed' of a bottom course construc;ted of coarse-sized aggregate and 
a top course of finer-graded material. The mixtures arc prepared in n 
standard asphalt plant. Sub-class H-1 is practically the same as 
Amiesite and sub-class H-3 is tar concrete. 
Class I includes all the dense-graded bituminous concretes. They 
may be either the coarse-graded aggregate type or the fine-graded 
aggregate type. The coarse-graded aggregate types do not require a 
binder course, and generally have a finished thickness of two inches. 
The fine dense-graded aggregate types require a binder course, and 
generally have a thickness of three inches, including the binder. The 
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mixtures arc prepared in a standard asphalt plant. All the sub-classes 
arc proprietary except I-1 and I-11. 
Class J includes all the sheet asphalt surfaces. They arc con-
structed on a binder course. The thickness of the top and binder 
course is usually one and one-half inches each. All the sub-classes 
except J-1 are proprietary. Sheet asphalt is one of the oldest types 
of bituminous surface which have been built. 
In conclusion I may say that the classification adopted by the 
Public Roads Administration, which is based on the nature and re-
sultant composition of the bituminous surfaces, has been of much 
value not only in classifying the various types but also in standardiz-
ing design and construction. 
IV. SOl\IE THINGS INDIANA HAS LEARNED 
ABOUT BLACK-TOP ROADS 
BEX H. PETTY* 
In the field of Highway Engineering, the general term "black-top" 
covers a multitude of both sins and blessings. To the average motor-
ist, any black surfaced road is a "black-top," regardless of the fact 
that they may range all the way from a cheap, oil surface to a very 
expensive high-type surface, such as sheet asphalt, rock asphalt, or 
asphaltic concrete. 
This "one-type" grouping of all bituminous surfaces in the laymen's 
mind has caused many headaches among both highway officials and 
producers and sellers of these materials. When a cheap, oiled surface 
or low-cost, mixed-in-place, bituminous surface goes bad in a relatively 
short time, the traveling public is apt to issue a blanket condemna-
tion of all "black-tops." This, of course, is very unfair to bituminous 
roads in general. 
As a rule, we get about what we pay for in road surfaces. This is 
predicted on the assumption that ample right of way is available, that 
adequate base and drainage have been provided, that proper materials 
have been selected, and that construction procedures were correct. The 
same rule holds in the purchase of shoes, automobiles, clothing, or 
almost anything else we could mention. 
For instance, I can walk along Main Street in Lafayette and in 
one show window I see shoes displayed at $2 a pair which really look 
like shoes, and apparently are good shoes. However, should I purchase 
and wear them, they would soon be out of shape, old looking, and 
the near-paper soles would soon be· worn through to the sidewalk. 
But if I walk farther up the street, I will see a window display of 
$10 to $15 shoes whose outward appearance is not greatly different 
from the "low-cost" pair a few blocks away. But I can wear them a 
year or two without re-soling and they will hold their shape, take a 
good shine, and in general give service value much greater and longer 
than their lowly competitors. 
However, some people cannot afford to lay out a $10 bill for a pair 
of shoes when a $2 pair more nearly fits their pocketbooks. Likewise, 
a $2 pair of shoes is more appropriate for certain employment such 
as road construction, working in a gravel pit, farming, or similar type;.: 
of work. In other words, the man who buys his shoes according to his 
*Professor of Highway EngitH_•pring, Purdue University, ,,-Pst Lafayette, Indiana. 
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needs and his pocketbook probably gets his money's worth whether 
the purchase price is $2 or $12. 
Similarly, we should use judgment in fitting road types to the 
needs of the traffic involved and also to the ability to pay for the 
road. It would be foolish to build a low-cost road surface to carry 
heavy traffic including a large percentage of trucks, and it is just as 
foolish to construct high-cost, high-type pavement where the traffic 
totals only a few hundred vehicles a day. 
I am a firm believer in the value of bituminous road surfaces pro-
Yiding they arc designed to fit the traffic requirements and conform 
with the taxpayers' ability to pay. The opportunities for this type of 
surface in the secondary road field arc tremendous, to say nothing of 
the use of higher types in salvaging badly \YOrn pavements. Over 35 
per cent of our 477 000 miles of state higlnrnys have bituminous 
surfaces. 
::\!any bituminous road failures should not be charged against the 
materials, but against the engineers and officials for failure to make 
the necessary preparations to insure the full economical life of the 
bituminous wearing surface. For instance, when the pressure from 
people living along a dusty, unstabilized gravel road becomes too 
great, we arc prone to rush out and slap down a thin, mixed-in-place, 
bituminous surface to eliminate the dust nuisance with no advance 
preparations whatsoever. In the following spring \Vhen the frost goes 
out of the ground and the black-top surface has "gone with the 
winter," the road officials wonder what happened, and the taxpayers 
begin to question the value of all black-top roads. 
I advise our county road men to wait at least one year after they 
ban decided to black-top a gravel or stone road before actually 
doing so. In the meantime, they can dig some test holes through the 
road metal at sufficiently close intervals to check its thickness, and 
then have ample time to add additional graycl or stone where needed 
to be maintained and consolidated through the fall and winter sca-
,,:ons. \V c used to think that six inches of compacted gravel or stone 
was sufficient to carry a black-top, but the tendency now is to increase 
this thickness. I am wondering if the requirement of a 12-inch con-
:3olidatcd stone or gravel base is too much to ask to insure a reasonable 
life for the bituminous wearing surface. After all, most failures in 
bituminous pavements arc base failures, and to insure satisfactory 
results from a black-top surface we must guarantee an adequate 
load-carrying foundation. 
Also, during this interim period, adequate drainage facilities should 
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be provided and shoulders should be widened to at least 8 feet and 
preferably to 10 feet to permit passage of farm tractors entirely off 
the proposed black-top surface. Many times I haYc marveled over 
the inconsistency of farmers in bringing pressure to bear on county 
officials to black-top a road for their benefit, and then, during the 
summer season, getting out on that road with tractors, thrashing 
machines, and other farm equipment and seriously damaging the 
pavement in a very short period of time. Of course, in many cases 
they arc forced to do this by the failure of the highway engineers to 
provide a shoulder wide enough to carry such equipment. 
Another thing we have learned to our sorrow in Indiana is that 
you cannot place bituminous surfaces satisfactorily in cool or wet 
weather. Too many times, due to various circumstances, this type of 
work has been started late in the road working season and carried on 
into the fall months when the temperature is low and possibly the 
rainy season has begun. As a result, the compaction of the bituminous 
layer is inadequate, the density is low, and the entrance of water, 
followed by freezing, causes serious disintegration and raveling. The 
work should be done during hot weather. September is a reasonable 
deadline for this locality. If the work is done early enough in the 
suntmcr, this will insure several succeeding weeks of hot weather 
during which the traffic will further consolidate the surface and the 
high temperature will tend to provide a better seal for the black-top. 
On oil-mat surfaces this high temperature will cause considerable 
bleeding, which is not altogether objectionable as it aids the process of 
scaling up the surface. If prompt attention is given to the spreading 
of a thin coating of No. 12 stone chips (No. 4 to No. 8) or very 
coarse sand on these bleeding sections, this will tend to seal and build 
up the surface, thus providing a better road. Oil mats will frequently 
bleed the second year after placing and require additional applications 
of fine chips to absorb the surplus oil. 
·where a medium grade road oil, tar, cutback or emulsified asphalt 
is used in a mixed-in-place operation on a stone or gravel road, this 
should be rolled and opened to traffic three or four weeks before scal-
ing with a heavy bituminous material. In fact, some of our counties 
do not put on the seal coat until the next year. In the meantime, 
weaknesses in the road will have developed and can be patched 
before the seal coat is applied. If this mixture is scaled up promptly, 
practically all evaporation is cut off, thus preventing elimination of 
the volatile constituents, and the road under traffic is liable to develop 
a corrugated surface. I recall a case where county officials were very 
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much disturbed over the fact that one of their black-top roads had 
developed a badly corrugated surface within a year. Under ques-
tioning, they informed me that the seal coat was put on immediately 
after the mixing operations had been completed and the material 
spread out and rolled. I suggested that they dig into the surface of a 
few of the humps in the road and in each case this disclosed that 
immediately below the hard, solid seal coat was a layer of from one 
to two inches of aggregate and soft bituminous material that had 
never dried and set properly. Unless most of these volatile con-
stituents leave the bituminous material, the mixture may stay soft and 
plastic for a long period of time. 
After many years of argument, we have discovered that better 
results arc obtained through the use of fine-graded cover-stone in the 
seal coat operation. In the old clays we sealed with chips or pea 
gravel running up to % inch in maximum size, with the idea that a 
better non-skid surface would be developed. The finer aggregate 
naturally sifted to the bottom and, in the fall, water entered the 
voids between the coarser pieces of aggregate and on freezing would 
expand, thus kicking the pebbles loose on the surface, causing serious 
raveling. The tendency now is to use No. 11 or preferably No. 12 
aggregate in the scaling operations, thus insuring a tighter, more 
water-proof surface which will have a sand-paper, non-skid surface 
if there is no surplus of bituminous material. Exhaustive tests, con-
ducted by Professor :Moyer of Iowa State College, have proven that 
the fine aggregate surfaces arc in general more non-skid than the 
coarse aggregate surfaces. As an example, sandstone rock asphalt, 
which has very fine aggregate exposed on the surface, in most cases 
prond to be more non-skid than any other bituminous type tested. 
Another controversy has existed ov~r the use of open-graded 
aggregate, which provides a somewhat porous mixture, as compared 
with close-graded aggregate, which tends to produce a much greater 
density in the consolidated mixture. The trend now seems to be 
toward the use of the closer-graded mixtures aiming at as near maxi-
mum density as possible, thus tending to prevent the entrance of 
moisture, which always has a bad effect on bituminous materials. 
A newer development which promises very satisfactory results is 
the stabilization of a gravel or stone road to a depth of four to six 
inches using a minimum quantity of bituminous materials, sometimes 
as low as two per cent. This tends to stabilize and more or less water-
proof a greater thickness of road metal, which provides a more 
adequate base for a seal or armor coat. In this type of work, density is 
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tlc:;irablc, and, where the aggregate is too coarse, additions of sand or 
soils have been made to insure greater density. This frequently re-
quires the addition of water to provide adequate moisture content to 
facilitate greater compaction. It is my belief that we arc just on the 
verge of some rather startling developments in this particular field. 
Herc again we arc getting away from the old idea that the wearing 
surface "is the thing" and arc beginning to realize that the wearing 
surface is no better than the base on which it is founded. ·w c can 
always repair the surface, but it is difficult to do anything about the 
base or the subgradc after the road has once been constructed. More 
extensive use of the soil profile information as a guide in correcting 
subgradc defects during the original construction will pay handsome 
dividends. 
In all of these considerations we must not oYcrlook the importance 
of both surface and sub-drainage where the soil conditions arc 
fayorablc. After all, one of the best forms of stabilization is adequate 
subgradc drainage. 
In passing, we should mention that other materials such as port-
land cement, calcium chloride, and sodium chloride offer Ycry promis-
ing results in this field of subgradc and base stabilization. HowcYCr, 
since my subject is limited to bituminous materials, I shall not go 
into a discussion of the use of these materials. 
As to which.bituminous material is best, I do not have the answer 
and I doubt if anyone else has. Many years of observation of bitu-
minous road surfaces leads me to believe that all of the bituminous 
materials now in common use will give satisfactory results if properly 
used. There is no one best type of bituminous material for road work, 
although for a particular situation one type might prove better than 
any other. Frankly, I believe the bituminous industry in general has 
been injured and handicapped, particularly in the field of county and 
township road development, by over-zealous salesmanship and pro-
motion which tends to put one particular bituminous material on a 
pedestal and tear the others down. This merely results in confusing 
the road officials to the point where they begin to question the Yalue 
of all bituminous road materials. If anyone doubts the accuracy of 
this statement, I believe they would be convinced if they would come 
to my office and read some of the many letters I rccciYc each year 
from county and city officials begging me to settle raging contro-
versies in their communities by telling them which is the best type of 
bituminous material for them to use. Of course, the same accusation 
might be made against the promotion and sale of other competing 
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road materials, road equipment, fire fighting apparatus, school text-
books, or in fact almost any items for sale to the American public 
today. 
One problem which causes road officials to become prematurely 
gray-haired is that of progressive raveling and disintegration along 
the edges of the bituminous surface. In many cases the answer is that 
the bituminous surfaces arc too narrow to carry two lanes of traffic 
without causing the wheels of passing motor vehicles to run off and 
. on the bituminous edges at frequent intervals. This is particularly 
true on state highways where, through stage construction, we have 
salvaged an old gravel or stone road of about 16-ft. to 18-ft. width, 
and by successive applications of bituminous surfacings have dc-
nloped an excellent road surface, so far as it goes (but it does not 
go far enough) out from the center line. On roads of such widths, 
many passenger cars arc forced to run off the edge of the pavement 
>-'Urfacc in passing and the dual-tired rear wheels of motor trucks fre-
quently cross the pavement edge. In many cases a truck will run 
for long distances with the outer wheel off the pavement causing a 
dangerous gutter alongside. Shoulder maintenance under such condi-
tions is costly. It would be much more economical and desirable to 
trench out a sufficient width of the shoulder adjacent to the pavement 
in which to construct an adequate base, and then extend the bitu-
minous surfacing to a total width of 22 to 24 feet. 
\Ye have found in Indiana that edge raveling can be prevented, or 
greatly reduced, by setting the grader blade to trench out a ;vedgc-
shaped section along the edge so that when the mixture of aggregate 
and bituminous material is finally spread and rolled, an edge thickness 
of from 2 to 4 inches greater than the thickness of the balance of the 
bituminous surface will be obtained. 
:My "pet peeve" in connection with bituminous surfaces concerns 
the failure of many road men to promptly and carefully patch the 
rnrface wherever breaks occur. Huge sums could have been saved in 
these United States during the past few years on bituminous road 
surfaces had the responsible road officials possessed the desired initia-
tive to get out and patch these breaks just as soon as they developed 
in the road surface. A bituminous surface is not a rigid surface. 
ruder traffic, and aided and abetted by rainfall, a small break of a 
few square inches in area soon will be pounded into a hole large 
enough to bury a dog. Probably the symbol is somewhat far-fetched, 
but if you travel such roads frequently you will agree with me that 
the statement is not far from the truth. If these breaks arc repaired 
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promptly after forming, the expense of time and materials will be 
small. But if this needed maintenance is postponed day after day, 
week after week, and even month after month, then when the road 
men finally get around to making repairs, the costs will be terrific. 
For several weeks, I have been using a heavily traveled, high-type 
bituminous road on which what was originally a small break, less 
than the size of my hand, has developed after several weeks into a 
hole about a square yard in area and from 2 to 6 inches deep. I am 
positive this hole has caused the displaC'cmcnt of many a set of false 
teeth and probably has done much damage to many automobile tires 
and springs. Unless it is taken care of soon, it \viii in time provide a 
swell hide-out for a stolen car. 
Road men arc faced with the problem of deciding just when a 
secondary bituminous surface requires a new surface treatment. In 
too many cases this decision results merely from a hasty inspection 
trip over these black-top roads. From observation as the officials ride 
along, it is decided that this one should receive a surface treatment 
this year and that one can go another year or two before re-treatment. 
To answer this question properly we should dig into the surface at 
reasonable intervals to determine its thickness and condition, in addi-
tion to making a visual inspection of the surface. 
In connection with the Joint Highway Research Project at Purdue, 
one of the first things we did was to make an extensive survey of 
black-top roads in Indiana. "\V c collected over 200 samples, about 12 
inches square, from various sections of roads. These samples were 
brought into the laboratory, the bitumen extracted and the aggregate 
put through the sieves. \V c were surprised to find a bitumen content 
variation of from 3 to 12 per cent in these samples. Frequently con-
siderable variation occurred between adjacent samples. This is a 
partial proof of the fact that it is impossible to properly control the 
bitumen content in mixed-in-place operations and tends to justify the 
very noticeable trend towards the use of plant mixes either from 
stationary plants or portable road mixing machines, which provide 
better control of proportioning and more uniform coating of aggregate. 
Another thing we learned from these samples is that surface ap-
pearance is no criterion as to the type or thickness of surface treat-
ment needed on a particular road section. Below the surface, many of 
these samples disclosed an ample thickness of live materials even 
though the surface itself was dead and brittle. In cases of this kind, 
where the base is adequate, probably a thin seal coat is all that is 
necessary. Of course, if this sample shows an insufficient thickness, 
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then a heavier surface treatment application is desirable. These 
things cannot be determined from a hurried visual inspection trip for 
the mapping of a surface treatment program. 
W c take great pains in setting up gradation specifications for the 
aggregate used in surface treatments and put definite limitations on 
the percentage of bituminous material needed to coat the aggregate, 
ignoring completely the fact that this aggregate will be subjected to 
extensive degradation under the roller and later under traffic. This 
greatly multiplies the surface area of the aggregate. In studying the 
recovered aggregate from the surface treatment samples collected in 
Indiana, it was found that the surface area varied from 1000 to 6000 
square centimeters per 100 grams, whereas the original aggregate, as 
specified, had only about 300 square centimeters of surface area per 
100 grams. 
One of our .Joint Highway Research Project investigations by T. R. 
Shelburne disclosed that the degradation of aggregates under condi-
tions of mixing, rolling, and traffic approaches a Fuller's maximum 
density curve. If that is what we eventually get, it may be well to 
consider the possibilities of starting with a Fuller's curve gradation. 
This may call for a plant mix. 
The tests showed very little difference in degradation under the 
roller for uncoated aggregate as compared with aggregate coated with 
RC-3 asphalt. The mixing operation of SF (%-in. to No. 4) aggregate 
and RC-3 in a Kwik-:Mix bituminous mixer nearly doubled the 
surface area of the aggregate. Under the roller, approximately 1.3 
times as much degradation occurred in crushed gravel as in uncrushed 
gravel from the same source. 
In closing, I should like to discuss briefly this rather unique Joint 
Highway Research Project set up at Purdue University in 1936 as a 
cooperative relationship between the State Highway Commission of 
Indiana and Purdue University. This movement is somewhat of a 
pioneer in its field and promises to be a most successful venture. A 
sum of $25 000 was provided the first year which was increased by 
the legislature to $50 000 during the second year of the project's 
operation. The funds arc turned over to the university for administra-
tion and the project is set up under the Engineering Experiment Sta-
tion (Dean A. A. Potter, Director), with the head of the Civil Engi-
neering School, Professor R. B. Wiley, as Project Director, and 
Professor K. B. Woods in active charge as Assistant Director. The 
staff consists of eight full-time research engineers with about an equal 
number of half-time graduate assistants and several undergraduates 
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on a part-time, hourly basis. During the years of its operation, the 
project has become adequately equipped and many investigations of 
promising results for the highway taxpayers of Indiana are underway. 
An Advisory Board consisting of four representatives of the State 
Highway Commission and four members of the Civil Engineering 
Staff meet monthly to outline research programs and to pass on 
reports submitted by the project staff. 
A valuable by-product is the opportunity offered to outstanding 
university graduates for fellowships leading to the Master's degree, 
and for their training and development as research engineers in the 
highway field. Several papers covering valuable findings have been 
presented before national meetings of highway organizations by vari-
ous members of the staff, and six scientific bulletins have been pub-
lished. These are available to anyone intere:'!ted by writing to the 
Purdue Engineering Experiment Station. 
Y. BLACK-TOP TOPICS 
H. D. TYSON"" 
As sincerely as I believe that any innntion has been mainly 
successful because the inventor started with a thorough understanding 
of the fundamentals involved, so do I believe that any discussion of 
"Black-Top Topics" must include a thorough understanding of base 
materials and their action under extreme conditions of moisture and 
freezing. I am inclined to feel that the greatest advance in Highway 
Engineering in the past ten years has been the development of Soils 
Engineering. By the thorough study of actions of various soils, it has 
become possible to more correcu'y design the type of drainage and base 
necessary to a successful "black-top" surface. I know that while my 
home county has neither the personnel nor financial means of becom-
ing too soils engineering minddd, the study of soil conditions and 
reactions to moisture and frost has been the cause of more sensible, 
sound base construction than was the case ten years ago. 'Ve have 
installed a considerable quantity of tile, perforated pipe and French 
drains which we formerly omitted as being a source of excessive 
maintenance cost. After watching thin edges and wet pockets in the 
base of "black-top" surfaees alligator check each spring, and all too 
often ravel at a time of the year when immediate repair was impos-
sible, I have become thoroughly convinced that fewer miles of bitu-
minous surfacing on adequate, well-drained bases mean less money 
wasted on unnecessarily expensive maintenance. This means more 
miles of new construction over a period of years. 
For the past two seasons we have departed to a considerable de-
gree from our former practice of taking a base as we found it, and 
attempting to place upon it a bituminous surface. \Ve now try to 
have our bases of a uniform thickness and a· true width, and go to 
considerable trouble to obtain this width and thickness. I have men 
dig five or more holes across the road each hundred feet, figure the 
quantity of stone necessary to make a minimum six-inch thickness 
two feet wider than the proposed surface width, and mark that quan-
tity on a stake on the shoulder for use by crews adding the required 
material. We find it possible to compact this additional material 
during one ordinary spring; though we have found it necessary to 
apply water and compact by rolling in dry seasons ahead of the 
*County SupC'rintenclent of Highways, KankakPe County, Illinois. 
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bituminous surface, to secure surface consolidation. I consider it more 
economical to apply the required flncs, and to wet and roll, rather 
than discard all loose materials ahead of light bituminous surfacing. 
General observation and Kankakee County's experience over ten 
years of experimentation have caused me to be rather partial to two 
particular types of bituminous surfaces. The one I have used most 
in the past few years has been the sub-class A-3 surface treatment, 
consisting of slow-curing asphalt, aggregate and powdered asphalt. 
It has shown itself to be waterproof, tough, and resilient under all 
conditions except under spade lug tractors. I scarcely believe that 
roads should be designed for a few vehicles of an especially harmful 
type. I think that it should rather be recommended to the General 
Assembly that the present indefinite law covering the operation of 
these tractors should be clarified and so rewritten as to provide 
specific penalties for their use. I further believe that it would be to 
the better interest of farm groups and associations to support, to the 
fullest degree, such a law, rather than oppose it, as they have done in 
the past. After all, the farmers more nearly obtain the maximum use 
of secondary roads than any other group of citizens. 
~Where there has been considerable heavy traffic or narrow stcel-
tired wagon traffic, I have come to depend quite extensively on a mat 
of the dense graded aggregate type, with a more extensive use of the 
sub-class C-3 than any other kind of mat surfacing. I like the density 
obtained, with resultant waterproofing from both top and bottom, 
and the possibility of reworking the surface if it ever potholes, pushes, 
or disintegrates to an extent which requires more than ordinary 
maintenance. I am not sure as yet whether I prefer mixing the 
powdered asphalt into the entire mat. It would seem possible that 
more advantageous pliability would be retained by either applying 
the powdered asphalt as a surface application or mixing it into the 
top third of the mat. I have used a sub-class B-1 specification and 
have applied, by special provision, a surface application of powdered 
asphalt with entirely satisfactory results. 
I believe that where light traffic demands a dustproof surface, and 
where large mileage of roads and limited finances make a problem 
difficult of solution, that a well-constructed, adequately drained base 
with a bituminous surface treatment, constructed either with slow-
curing asphalt, with powdered asphalt, medium-curing asphalt or 
tar, or asphalt or tar cement will provide an adequate dustproof 
surface for a considerable number of years at a cost of one-third to 
one-half less than the cost of the various mats. But just as a good 
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roof is a poor investment on a poor house, so is a good surface 
treatment a poor investment on an inferior base. 
I have experimented during the past two years with the applica-
tion of eight to ten pounds of limestone fines or torpedo sand after 
the application of powdered asphalt on the sub-class A-3 surface 
treatment. I consider it very satisfactory and worthwhile as a means 
of filling the surface voids and giving immediate surface density. I 
liave also applied a similar quantity of sand on the fog coat in the 
dense graded aggregate mat with very beneficial results, so far as 
general appearance is concerned. This sand, when lightly broom-
draggcd, fills all surface voids and places which have been somewhat 
torn in the final planing operation. This is especially helpful during 
late season work, or in city and village work where immediate surface 
appearance means much to the adjacent property owners who may 
be paying part of the direct cost. 
I have been wondering for some time whether, in our zeal for a 
dense top, we have not over-stressed fineness of aggregate and elim-
inated, to a certain degree, stability of mix. I believe our specifica-
tions for dense graded aggregate types could be improved by 
including a somewhat greater percentage of the larger sized aggregate 
without sacrificing any density. After all, density is not obtained by 
fineness of aggregate alone. I believe that if we arc able to increase 
stability by the inclusion of more top-sized aggregate we can decrease 
the apparent tendency, under certain conditions, of a dense graded 
aggregate mat to become somewhat unstable, and subject to shoving 
where heavy traffic applies brakes at stop signs. The only section 
we have built with any tendency to shove was one job where we 
apparently made a too heavy final application of bituminous material. 
W c later rectified this by scarifying, re blading, and adding a small 
quantity of aggregate. 
I wish further to advance the thought that we may be attempting 
too zealously to approach a sheet asphalt surface on our seal coats of 
bituminous surfaces of any type. From observation of work in vari-
ous other states I find a general tendency to seal with a large sized 
aggregate, disregarding the fact that it is not so quiet under traffic, 
but is always skidproof. While I prefer the smooth quiet riding surface 
and believe the aggregate used in some states may be larger than 
necessary, I wonder whether we might not well engineer some safety 
into our black-tops even at the expense of traffic noise. 
As a final thought I would like to present the question of the 
advisability of compelling the addition of rather minor quantities of 
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sand to aggregate for dense graded bituminous surfacing. Having used 
some material from the same source without sand with the same 
apparent result, I am inclined to bclicYC "·e may be unduly increasing 
the cost without any direct benefits. I believe we can better change 
the design to fit the limits of local materials, than make materials fit 
exact proportions in any pavement so inexactly designed as bitu-
minous surfacing. If local materials cannot fit an exact design, let's 
keep prices within reasonable limits by changing designs to fit avail-
able materials, so long as no apparent change in quality results. 
The questions as to specifications raised in the foregoing remarks 
arc not intended to be directed at any persons or Department, as I 
have none but the highest regard for all of our Departments and the 
personnel thereof. They arc rather raised as being some of the ques-
tions \Yhich arise in every engineer's mind at some period during 
construction season. They are included herein as a means of furnish-
ing a basis for thought and discussion at this or subsequent meetings. 
VI. BITUl\IIKOUS ROADS IN WINNEBAGO COUNTY 
A. R. CARTER* 
The construction of bituminous roads in Winnebago County dates 
back to 1916 when T. G. Levings, Highway Commissioner of Rockford 
Township, built several types of surfaces from a surface treatment 
to penetration macadam. 
Due to the large mileage of traffic-bound macadam roads which 
he had built and to the ever increasing automobile traffic which made 
it exceedingly difficult to maintain a surface satisfactorily, the Com-
missioner devoted most of his actiYitics to surface treatment work. 
This work is not to be compared with the present A-1 specification 
for it consisted only, if new work, of a light application of prime tar, 
then one application of hcayy tar then known as TarYia A. A light 
application of pea gravel was cast over the surface usually by hand 
labor from men standing on the load of graYel scattering the gravel as 
the truck backed over the surface. Many miles of this type of surface 
were built in Rockford Township and a large number of miles are 
serving traffic today. The great objection to these old roads is that 
they were built during the "horse and buggy days" and all have an 
excessive crqwn. 
Winnebago County did not engage in this type of work until the 
year 1935 when we constructed 0.6 of a mile of twenty-foot surface 
which was similar to the A-1 specification, which we had not heard of 
at that time. The cost of this short section was 0.19 cent per square 
yard. 
The same year we constructed two short sections of road-mix in 
which we utilized the surplus fine materials on the surface of a traffic-
bound crushed stone road to which was added gravel graded from two 
inches down to one-half inch on one section, and from one inch down to 
three-eighths of an inch on the other section. 
The first section was constructed with two inches compacted 
thickness, and the second section with one and one-half inches com-
pacted. Both of these sections lrnYc given excellent service and required 
little maintenance. The two-inch section cost thirty-six cents per 
:"quarc yard and the one and one-half inch section cost twenty-six 
cents per square yard. Tar was used in all of this work. 
The major part of bituminous construction in "Winnebago County 
*County Superintendent of Highways, 'Vinnehng:o County, Illinois. 
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has consisted of the A-1 specification type and when the road surface 
is satisfactory and we know we have a sufficient base then I believe 
we arc justified in constructing the A-1 specification, modified type. 
Our roads are mostly built of crushed stone, ten inches loose in 
thickness, and in most cases this material is not as hard as it should 
be. For that reason we have a surface that contains a large percentage 
of fine material. This necessitates using more prime material than if 
we had a hard compacted surface. Therefore, we use from 0.4 gallon 
to 0.5 gallon of R.T.-2 per square yard, and in case of M.C.-1 we han 
used nearly 0.6 gallon per square yard. 
Immediately after the application of the prime material we apply 
about twelve pounds of gravel per square yard meeting the specifi-
cations for cover coat material, the aggregate being applied by the 
use of a Buckeye distributor. 
Two results arc obtained by the application of this material. First, 
it is not necessary to close the section to traffic, as the gravel prevents 
the vehicles from picking up the bituminous material. Second, we add 
this extra amount to the thickness of the mat. Of course, we endeavor 
to keep traffic off the surface until it has become cured, but more 
for the protection of the vehicle and peace of mind of the driver than 
for the protection of the surface. 
The first cover is next applied by using 0.3 gallon of bituminous 
material and about twenty pounds of gravel meeting specifications for 
cover coat material. This operation is then followed by the second 
cover coat using the same amount of bituminous material and the 
same amount of gravel. It is then preferable to omit the seal coat for 
about thirty days although we have obtained satisfactory results by 
applying the seal coat immediately upon completion of the last cover 
coat. Also we have omitted the seal coat until the next season 
although I do not think this is advisable in most cases. 
For seal coat work we use 0.25 gallon to 0.3 gallon of bituminous 
material, and an application of about fifteen pounds of seal coat gravel 
per square yard. If the seal gravel is rather coarse as is allowed in 
the latest specifications, then 0.3 gallon should be used. 
For the past two seasons when we have used tar for the prime and 
cover coats we have used P.A.-3 for a seal coat with good results. 
There is more tendency to bleeding with the use of this material than 
with some of the others. 
Two sections of A-1 specification type have been constructed using 
M.C.-1 for prime and S.C.-8 for the two cover coats. One section was 
constructed by contract and one section by day labor. On both sec-
tions the seal coat was omitted. On the contract section we had 
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difficulty from bleeding which has necessitated several applications of 
fine gravel or torpedo sand. 
No difficulty has been encountered from bleeding on the day labor 
section, but it became necessary to seal the outer three feet of the 
roadway as some signs of raveling began to appear. 
\Ve feel after much experimenting that the gradation of the aggre-
gates for this class of work should be about as follows: 
Aggregate for the prime and cover coats: 
Passing %-in. sieve. . . . . . . . . . . . . . . . . . . . . . . 100 per cent 
Passing 7~-in. sieve ....................... 90-100 per cent 
Passing %-in. sieve ....................... 20- 60 per cent 
Passing No. 4 sieve ....................... 07- 20 per cent 
Aggregate for the seal coat: 
Passing %-in. sieve. . . . . . . . . . . . . . . . . . . . . . . 100 per cent 
Passing No. 4 sieve ....................... 26- 45 per cent 
Passing No. 10 sieve ....................... 03- 07 per cent 
One section, two and eight tenths miles in length, was constructed 
by contract and C-1 specification 'ms used. Crushed stone from a 
local quarry and tar, R.T.-6, was used for a bituminous mat. The 
:,:urfacc was sealed about one month after the construction of the road. 
\V c found, however, that we did not use sufficient bituminous material 
in the road-mix, and upon the application of the seal coat material 
we discovered the bituminous material was absorbed by the mixed 
coarse and the seal gravel was on the edge of the road. 
This section was again scaled the following spring with good 
results. The analysis of the aggregate for this section showed as 
follows: 
Cover-coat aggregate: 
Passing 1-in. sieve ........................... 98 per cent 
Passing %-in. sieve ........................... 92 per cent 
Passing 7~-in. sieve ........................... 80 per cent 
Passing No. 4 sieve ........................... 52 per cent 
Passing No. 4 sieve retained on No. 10 ....... 35.2 per cent 
Passing No. 10 sieve retained on No. 40 ....... 30.6 per cent 
Passing No. 40 sieve retained on No. 200 ...... 21.4 per cent 
Passing No. 200 sieve ........................ 12.8 per cent 
Seal-coat aggregate: 
Pa:;sing 7:1-in. sieve ........................ 100 per cent 
Passing No. 10 sieve .......................... 5.8 per cent 
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In 1940 we constructed a bituminous surface twenty feet in width 
on about eight miles of road in which the aggregate consisted. of 
crushed gravel placed to a depth of ten inches using a B-1 specifica-
tion, this material having been placed the previous season. 
Sufficient material was windrowed from the surface to provide a 
uniform depth of 3 inches, loose. The aggregate was then moved to one 
side of the surface and one-half the width of the surface was primed, 
using 0.6 gallon of 1\I.C.-1. After the prime had sufficiently cured, the 
aggregate was moved to the primed surface and the other one-half 
of the surface was primed. 
The aggregate was then moved to the center of the road and mixed 
using a Barber-Greene traveling plant. The bituminous material used 
was S.C.-4, using 1.31 gallons per square yard. The seal coat was 
applied in September using 0.25 gallon of P.A.-3 and the regular 
specifications for seal gravel. 
The mixed material was delivered from the machine in a windrow 
and after three to five days was spread evenly over the surface of the 
roadway using at first an Adams 12-foot grader and an Allis-Chalmers 
L.O. tractor, then, for the finishing of the surface, the grader was 
pulled by the use of a Case Model L.I. industrial tractor. 
Compaction was obtained by the use of a rubber-tired roller 
pulled by the Case tractor, and final compaction by the use of an 
eight-ton three-wheeled roller. 
The edges of the surface were compacted by attaching a shaft to 
one end of the mold-board on the grader, the shaft being at an angle 
of 45 deg. with the horizontal. At the end of the shaft was attached 
a heavy pulley that rolled along the edge of the surface and compacted 
the same. 
Great difficulty was encountered in the construction of this sec-
tion due to excessive rain and low temperatures. I am thoroughly 
convinced that in the future this type of work will be constructed 
by the use of a central mixing plant. 
We purchased about 2700 lineal feet of Sisalkraft paper to use 
on this section, which helped a great deal, but was of no use when >Ye 
had a small tornado that deposited our paper on the fence and over 
in the farmers' fields. 
With all of these difficulties we were able to complete the section 
at a cost of twenty-four cents per square yard. Considerable W.P.A. 
labor was used in the construction. However, the cost per square 
yard includes reconstructing the shoulders on the entire section. 
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Samples taken from the windrow of material gave a screen analysis 
as follows: 
Cover-coat aggregate: 
Passing 1-in. sieve ......................... 99 per cent 
Passing %-in. sieve ......................... 92.3 per cent 
.Passing H-in. sieve ......................... 80.3 per cent 
Passing No. 4 sieve ......................... 58. 9 per cent 
Passing No. 4 sieve retained on No. 10 ....... 45.0 per cent 
Passing No. 10 sieve retained on No. 40 ....... 50.5 per cent 
Passing No. 40 sieve retained on No. 200 ...... 28.1 per cent 
Passing No. 200 sieve ........................ 21.3 per cent 
A summary of bituminous construction in Winnebago County is 
as follows: 
60.5 Miles of A-1 Specification-constructed by the County 
5.5 Miles of A-1 Specification-constructed by the State 
8.0 Miles of road-mix by grader 
8.0 Miles of machine-mix 
23.0 Miles of old surface treated roads on State Aid System 
140.0 Miles of surface treated or road-mix in Rockford Town-
ship, or a total of 245 miles of bituminous surface. 
Our construction for 1941 includes fourteen additional miles of 
bituminous surface using A-1 specification, modified. 
The cost of A-1 type of surface has varied from fourteen to 
twenty-four cents per square yard, with an average cost of about 
twenty-one cents per square yard. The section that only cost fourteen 
eents did not include a seal coat. 
In closing I might say that all of our work has been done by day 
labor except 2.8 miles of road-mix and 4.64 miles of A-1 specification. 
VII. PROSPECTS FOR 1941 
TAYLOR G. SOPER* 
I have been asked to talk with you today about a subject very 
close to the daily lives of all of us. At least, I don't think there is 
a man in this hall who is not a motorist-and my subject pertains to 
the highways of Illinois-what roads we have-what roads we can 
hope for in the near future-and why you and other motorists have to 
drive your 1941 automobiles over a patchwork system of obsolete 
motorways. 
First of all, let's have an official report on what the State of Illi-
nois did for us last year, then what we can expect during the current 
year. 
These road statistics arc based on a detailed report from the 
office of C. :M. Hathaway, Construction Engineer for the Division of 
Highways. 
There were completed during 1940 a total of 166.83 miles of high 
type pavement, 197.79 miles of gravel or crushed stone and low type 
bituminous pavement, 104.35 miles of grading, 18 railroad grade 
separations, 2 highway grade separations, and 69 bridges. The esti-
mated expenditure was approximately $19 800 000 with another $13-
700 000 carried over into the new year on contracts let last Decem-
ber. These figures do not include the $9 500 000 paid to the counties 
as their portion of the motor fuel tax, nor the $9 300 000 paid to 
the cities from similar funds. 
From the 1940 federal-aid program, there remained $8 300 000 
worth of projects where preliminary >Yark was under way on .Jan. 1, 
but where work had not been started. 
The outstanding need of the Illinois higlnvay system is moderniza-
tion of obsolete roads through resurfacing, straightening, or widcning-
and modernization through construction of up-tci-datc routes. During 
1940 the state made better progress on its modernization program-
but still ran far behind the actual needs. During the past year the 
state rebuilt and modernized 110 miles-as compared with 68 miles 
in 1939. But, when you recall that the state has estimated that a 
minimum of 322 miles must be modernized each year to keep up with 
obsolescence, you can realize that the gap between obsolescence and 
replacement is widening steadily. 
*Exeruti,-e St-'C'retary, Illinois Road Bnildt•rs As:_;;ociation, Chi('ago, Illinois. 
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Although these figures do not offer much encouragement, a decided 
forward step was taken during the past year which the state believes 
may well be a turning point in this most vital situation. Namely, the 
urgency and importance of the highway situation confronting us was 
recognized in the setting up by the Division of Higlnvays of a five-
year plan devoted to replacement and modernization of the present 
highway system. 
In brief, this plan is based on a careful survey over the whole 
state, taking into consideration those highways whose condition is 
beyond economical repair, those overloaded with traffic, those replete 
with dangerous alignment, grades, and sharp turns-the bottlenecks, 
congested villages and city streets-and the selection was made in 
order of the most needed improvements first. Extending the list as 
much as 50 per cent over the anticipated total funds available during 
the next five years-based on the present revenue-there still remained 
many miles of obsolete roads that could not be included on account 
of insufficient funds. 
Bear in mind that this plan was made on the estimate of the total 
revenues, that is, every cent of revenue, which would not allow for any 
expansion of the present system except such highways or relocations 
as might be substituted for existing routes. 
Considering the financial situation with respect to this plan, it is 
readily apparent that any reduction in revenues would be disastrous, 
that a continuance of the present revenues will permit a reasonable 
program but still will not bring roads up-to-date, and that a consider-
ably increased revenue is the only solution definitely assuring a 
thoroughly modernized system of roads in a reasonably short period 
of time. 
It seems significant that the administration and the Division of 
Highways have recognized this paramount issue, and have given it 
first place by developing a comprehensive plan to such an extent that 
as soon as funds are available each year, work may proceed along 
given lines. 
The picture for 1941 is hazy. \Ve are living in a time of emergency 
-and emergencies have a way of upsetting the best laid plans of 
men. It will be a serious disad\·antage to the peaceful times-which 
will come again-if through some misconception of priority needs we 
permit road-building to lapse still further during this year and 1942. 
\Ye do not expect this unfortunate state of affairs to come about, since 
industrial, military, and political leaders have joined in acclaiming 
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the necessary place of a comprehensive highway system m peace-
time and in war-time. 
However, the emergency leaves current and future road plans a 
bit uncertain. Basically we will spend about the same amounts for 
roads in Illinois during 1941 as in 1940. A major share of new road 
construction is paid for by the state out of gas tax receipts and this 
money will continue to be used on the state system. Preference may 
be given to roads strategic in a military sense. Even there though, 
this construction will be equally beneficial to you and to me as 
ordinary motorists. The strategic military roads also are the im-
portant inter-regional highways. 
The biggest uncertainty is in the field of federal-aid-affecting 
the major routes across Illinois. 
Let's look at the 1941 picture as outlined in Springfield. In con-
nection with federal-aid work, we should not lose sight of the fact 
that the federal fiscal year on which the 1940 program was based runs 
from .July 1, 1940, to .Tune 30, 1941, and that two-thirds of that pro-
gram was under contract or pending award on .Jan. 1, an indication 
that the state is utilizing the federal funds as fast as they become 
available. 
There should be available from the motor fuel taxes for 1941 an 
amount of $11 700 000 for new construction. Receipts of the motor 
license funds all arc obligated-for such things as repayment of bonds 
for old high"·ay construction, for maintenance, for overhead, and 
such items. 
The new federal-aid grant (.July, 1941, to .June 30, 1942) is as 
follows: 
Regular federal aid. . . . . . . . . . . . . . . .......... . 
Secondary system ............................. . 
Grade separations ............................. . 
$4 044 000 
708 000 
1 030 000 
making a total of $5 782 000, which, you understand, is matched 
by state money. 
With available money not spent during 1940, there is a total of 
$25 782 000 available for new contracts during 1941. 
The usual estimated $22 500 000 motor fuel tax fund for the 
counties and cities is not included in this total. 
How much of this money will be spent on national defense roads? 
Let me read from the Federal Aid Act of 1940: 
"In approving federal-aid highway projects to be carried out with 
any unobligated funds apportioned to any state, the Commissioner of 
Public Roads may give priority of approval to and expedite construe-
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tion of projects that are recommended by the appropriate federal 
defense agency as important to the national defense." 
Thus you may appreciate what could happen. There is no indi-
cation yet that the whole amount of federal money will be utilized; 
in fact, we learned recently that $4 000 000 of the funds available for 
the year ending .July 1, 1942, should be reserved to national defense 
projects. The location of the system has been made but there has 
been no selection of individual projects. 
By the way, let me say right here that neither I nor you should 
continue such reference to money spent on highways as "road costs." 
By any yardstick such money is an "investment." The American road 
system has more than paid for itself, it is now paying for itself, some 
of it has returned dividends, and it will bring a multitude of future 
advantages exceeding those which will be returned on any similar 
dollar and cents investment. 
Bearing the foregoing in mind, the Illinois road program would 
seem to be divided into five parts: 
1. National defense. 
2. The 5-ycar plan of replacement and modernization. 
3. Grade separations. 
4. Secondary roads. 
5. Additional primary roads essential to the economic develop-
ment of the present highway system. 
Let me clarify the road builders' position on national defense. 
Everywhere these days you see small groups and large industries 
hanging on Uncle Sam's coat-tails and shouting for money in the name 
of defense. The road industry has asked and is asking for inclusion 
in the defense picture, but it is asking only that the government spend 
defense money on those roads needed immediately for defense. Road 
building does not need the excuse of national defense-roads arc as 
vital to peace as to an emergency. \Ve feel that an adequate system 
of highways is as important to re-armament as guns, tanks, and 
planes. \Ve feel that roads arc vital to any plan of actual continental 
defense. \Ve feel that roads arc vital to industrial movement in 
preparation for defense or for war. \V c can quote the military leaders, 
such as Lt. Gen. Stanley H. Ford, who said: "Roads rank in im-
portance with the soldier and his weapons as clements in the national 
defense." 
The location of roads for military needs falls naturally where there 
is the most need for commercial highways, except in the case of 
paving done in military camps which is useful only during the military 
period. 
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It would seem logical that highways leading into military camps 
should be considered strictly as a part of the defense program and 
paid for entirely by the federal government. The states and the 
federal government should seriously consider the appropriation of 
earmarked funds for the purpose of improving and assisting in the 
improvement of the extensions of state and federal routes into and 
through the cities. 
Here in Illinois the Government is planning certain construction 
at Illinois military posts and ammunition plants. Paving on the list 
includes Fort Sheridan, Camp Grant, Chanute Field, Scott Field, 
Savanna Ordnance Depot, Rock Island Arsenal, Elwood and Kanka-
kee Ordnance ·works, and the Western Cartridge Company plant at 
East Alton. 
The Illinois Road Builders Association has stated emphatically 
that additional funds must be expended to modernize roads and bridges 
suitable for military maneuvers and to maintain and supply the needs 
of a large army in the field-and to care for the manifold increase 
in transportation demands being made on highways by the expansion 
of an industry being keyed to national defense. Is this rcconuncnda-
tion fantastic? We don't think so. If every tub stands on its own 
bottom-which is the way it should be-then there will be no question-
ing the value of the Illinois highway system and of the national road 
network to all phases of defense. 
That's our stand on the defense question. ·w e'rc just asking Uncle 
Sam not to stop his ordinary highway construction which the motorists 
arc paying for. There are indications that Uncle Sam agrees with us. 
A report has been submitted, as a defense measure, proposing con-
struction of necessary roads in and around military camps and arse-
nals and of certain strategic routes. Such construction legitimately 
is a defense item. 
I do want to impress you with the fact that good roads are one 
of the very few expenditures necessary to the defense effort that will 
pay actual dollars and cents dividends in future years. 
But the defense effort has shown in many remarkable instances, 
even in the early stages, the glaring and inescapable inadequacies 
of the existing state and national highway systems. You motorists 
know the bottlenecks in the Illinois road system-you know how traffic 
piles up-you know about broken pavements, gutted shoulders, nar-
row bridges, skidding surfaces. Now, add to those conditions thousands 
of military trucks-thousands of motorized transport vans-hundreds 
of thousands of mechanized vehicles-multiply the congestion to pro-
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vide for increased use due to booming industry-and you will have 
some picture of the situation which is rapidly developing. A situa-
tion in fact, which is already upon us. 
Strictly speaking, any money the government invests in roads in 
the name of defense is only the return of highway-user taxes to the 
highways. It happens that government has diverted millions of dol-
lars annually of such taxes to non-highway purposes. This emergency 
is an excellent time for such funds to be returned to highway µse. 
The civilian highway user has stood by patiently-all too pa-
tiently-for years now, putting up with inadequate and outmoded 
highways, awaiting the time when funds would be available to mod-
ernize the roads he uses. He has seen state and federal governments 
take his hard-earned money through gas taxes and other levies and 
put them to uses entirely foreign to highway construction and main-
tenance. He has hoped for the time when simple dealing and common 
honesty ·would prevail in legislative and congressional halls and the 
lawmaking bodies would abolish this diversion of highway taxes to 
non-highway uses. 
I wonder if you gentlemen know what I'm talking about when I 
say diversion. Let me illustrate it for you. If some morning you miss 
$5 out of your pants pocket and then your wife comes home with a 
new $5 hat-that's diversion! 
If you raid the icebox some night for that quarter of a pie you 
have set aside for yourself-but find someone has appropriated half 
of it-that's diversion! 
In other words, when someone asks you for eight of your hard-
won dollars, promising he'll build nice safe roads for you to drive on, 
then gives one dollar away to something entirely unrelated to high-
ways-well, that's road tax diversion. 
The average Illinois motorist doesn't understand road tax diversion 
or there would be a howl loud enough to shake the Capitol dome in 
Springfield. He docs remember, though, that when the state legisla-
ture voted the license fees and the gas tax it was >vith the promise 
that the motorist's tax dollar would go for modern roads. \V ell, it 
doesn't! 
Less than 40 cents of the road tax dollar goes into state, city and 
county construction. The other 60 cents is eaten up by overhead, 
road bonds, maintenance, police, and refunds. Of course, the 17 cents 
which goes to road bonds is payment of interest and principal on roads 
built years ago and now mainly fallen to pieces or out-of-date. 
Illinois' new director of Public Works and Buildings said recently 
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that $50 000 000 would complete the modernization of all the State's 
highways strategic to defense-which naturally includes most of the 
primary roads of importance to ordinary motorists. Remember that-
$50 000 000 would modernize all these roads-yet, since 1931, right 
here in Illinois, a total of $58 992 668 has been diverted from high-
way user taxes to non-highway purposes. This money-taken from 
the motorists but not spent for roads-would have modernized much 
of the state system. 
One out of every eight dollars of road taxes is diverted. This 
twelve cents per dollar doesn't sound big enough to get worried about 
-but it has equalled $58 000 000 since 1931. That figure is only a 
few millions less than the entire year's receipts from Illinois gas tax 
and car licenses. It is approximately equivalent to the money the 
state highway department itself spends on highways and streets over 
a six-year period. 
Chicago motorists arc getting red-headed about the question of 
having safe, fast, limited-access motorways-currently blocked by 
financing difficulties. Well, the diverted money could have built 
twenty-nine and one-half miles of superhighways at $2 000 000 a mile. 
Downstate motorists arc beginning to recognize that a well-planned 
system of cross-state and inter-regional highways is their only answer 
to present road difficulties. The money diverted would have built some 
118 miles of such roads, at $500 000 a mile. That figure is all out 
of proportion, of course. You have heard of the Pennsylvania Turn-
pike, which reaches 160 miles from Pittsburgh to Harrisburg, Pennsyl-
vania. This super-road is a high-speed, safe road which provides fast, 
cheap transportation between two metropolitan areas. If you deduct 
the costs of tunnels on the Turnpike-tunnels ·wouldn't be needed in 
Illinois-you will sec that you could build here in Illinois a mile of 
road equal to the Turnpike for not more than $350 000 a mile. The 
cost might be less. 
Some 88 cents out of each road tax dollar is definitely allotted to 
some phase of highway financing and there isn't anything the motorist 
can do to improve the proportion going into new construction. How-
ever, he can do something in the future about the 12 cents which has 
been diverted. Present diversion is part of the state law. It will end 
within a few years. The motorist can make himself heard in Spring-
field and prevent any further diversion of road tax money. 
If the motorist got 12 per cent less mileage from his car, he'd do 
something about it. \Yhcn he gets 12 per cent less roads than he 
should, he certainly ought to do something about it. :Motorists in 
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13 states have done something about it, passing laws or constitutional 
provisions against such diversion. 
W c'rc facing an immediate crisis here in Illinois! Other states face 
the same crisis, but we'll deal with it only as it affects you and me. 
The dilly-dallying with road problems in the last decade, the di-
version of road funds, and the present emergency have resulted in a 
situation where Mr. Average Motorist may be crowded entirely off 
our roads by military and defense-inspired industrial traffic. 
The actual situation which faces you when you drive out on the 
highway is the same as if you tried to put a 10-ton truck into your 
one-car garage. Each year there is a decreased effective road space 
for your car because obsolescence is running ahead of reconstruction 
while highway usage booms. Add to that condition the defense-in-
spired traffic and you begin to sec the picture. You, as a 1941 driver, 
actually have less than half the road space you had a decade ago. 
The way things arc going you may soon have only one-third the effec-
tive road space you had in 1930. 
That may be a novel thought to some of you. But let's look at 
the facts. Gasoline consumption has doubled in the last 10 years. 
Average automobile use in Illinois has jumped from 550 gallons per 
car in 1930 to approximately 750 gallons in 1940. Modern cars travel 
more miles to the gallon. 
The number of automobiles in use has increased by close to 19 
per cent in the decade, approximately 33 000 000 cars and trucks 
being registered nationally. Herc in Illinois in 1940 there >vcrc 
1 787 000 car and truck registrations. 
Taxes accruing to federal, state, and local governments from motor 
vehicle ownership and use increased to a new annual record of 
$1 850 000 000 in 1940. 
Y ct, with all these increases in highway usage-under normal post-
dcprcssion conditions-and with higher tax revenues, the total annual 
appropriations for all highway purposes have decreased slightly 
since 1930. 
Travel on Illinois highways increased from 991 000 to 1 456 000 000 
miles monthly during the 1930-1940 decade, operating on a state high-
way system of 13 610 miles. Gasoline consumption in the state in-
creased about 7 per cent during 1940. A record high of $67 025 000 
in motor taxes was paid in Illinois during 1940, compared with 
$45 916 660 paid to the state in 1930. 
l\Iy prediction is that highway usage will go up 20 per cent during 
1941. With national income in 1941 expected to exceed the record 
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year of 1929, there will be a tremendous increase in ordinary social 
and commercial traffic over our roads-roads which could not handle 
1939's traffic. On top of this will be mounting industrial traffic. And 
on top of th~t will be strictly military traffic. 
For instance, Higlnvay 66 is one of the Illinois' main arteries. The 
new munitions plant at Wilmington undoubtedly will load No. 66 and 
alternate 66 to the breaking point. In fact, No. 66 is crumbling to 
pieces now throughout much of its length. 
There are three major divisions of road construction most needed 
now to solve Illinois' highway traffic problems. One is the improve-
ment of farm-to-market roads, which has a trenchant appeal. ·what is 
more compelling than the idea of improving roads in order to broaden 
educational advantages and thus the cultural standards of America's 
great rural population? ·what a force improved roads arc in the 
widening and integrating of rural social contacts! 
Then there are the cross-country, inter-regional, limited access 
motorways which I have mentioned. Our traffic problems will not be 
solved until we have just such roads. ·when built they very prob-
ably will conform, at least in part of the length, with the approved 
inter-regional system-which also matches the "\Var Department's 
recommended military system. Included in this network arc: 
No. 6, from Chicago to Davenport, 170 miles. 
No. 66, from Chicago to St. Louis, 297 miles. 
No. 45, from Chicago to Paducah, 370 miles. 
No. 40, from St. Louis to Terre Haute, 170 miles. 
No. 41, from Chicago to the Wisconsin state line, 40 miles. 
In addition, these routes would include belt-line and by-pass 
construction to move through traffic around cities and villages, freeing 
the available street space in those towns for the towns' own motorists. 
Such construction would make an immediate change in the use you 
could get out of streets in your own towns. 
Finally, there is the problem of metropolitan street transportation, 
for which limited access roads-usually called superhighways-seem 
to be the answer. You all know that Chicago's street transportation 
is a hodge-podge guaranteed to make a blubbering maniac out of the 
most even-tempered driver. All that Chicago motorists want to do is 
to get roads equal to those that Pennsylvania has given its cross-state 
motorists on the Turnpike. A system of 57 miles of superhighways 
has been planned on six routes from the suburban areas into the Loop. 
At present, plans have been completed for a start on Congress Street, 
'vhich is the west side route. It has been approved by the city and by 
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Cook County and awaits the approval of the new state administration. 
It is planned on a pay-as-you-go basis, \\·ith each governmental unit 
contributing from its gas tax receipts. Naturally, it will be many 
years before construction will be finished on that basis. 
Cook County has drawn plans for a regional express route system, 
fitting in with Chicago's superhighway plan, and carrying such major 
routes out to join the state-wide road network. A bill now is before 
the state legislature to permit formation of a road authority in Cook 
County which has the right to build certain of these roads on a toll-
way basis. 
Toll financing of highways is a new method in the modern higlnrny 
picture. It is being used extensively throughout the East and seem-
ingly has met with approval from the toll-paying motorists. The 
Illinois Road Builders arc on record as favoring self-liquidating road 
projects. 'Ve favor them for several reasons. In the first place these 
major motorways arc needed to adequately service motorists. Sec-
ondly, it is our opinion that motorists demanding such limited access 
motorways will not object to paying a very small fee on such special 
facilities-particularly when their savings in gasoline and time and 
wear and tear on car and nerves, more than offsets such small fees. 
Americans arc accustomed to the thought that special services demand 
special financial arrangements. Then, too, it must be remembered 
that ordinary highway needs more than exhaust available highway 
department revenues. Primary and farm-to-market roads have to be 
maintained. They will be available for all motorists who do not want 
to use the special facilities. Finally, after such highway projects have 
paid for themselves, they are available for use by all. Certain it is 
that we need these limited access roads if motorists' actual needs arc 
to be filled-it is up to the governments and the people to decide 
whether tollways arc the answer to the problem of financing. 
Last year a highway editor discussed public relations at this con-
ference. 'V c road builders have such a program-limited, it is true, 
but it is proving very effective. Our aim is to educate the public 
in road needs and in road conditions. Our activities do not deal 
exclusively with diversion of highway tax funds-although such di-
version is the biggest single enemy of good roads at this time. We 
arc also trying to get public support for the type of road construction 
which highway engineers believe to be best suited for America's 
present day needs; we want to help our legislators resist political 
pressure which tries to get roads built where they aren't nccdcd-
at least not needed as much as they arc in some other places; we 
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want to eliminate the slow, wasteful system of using day labor on 
construction projects, instead of using the contract system. 
There is the highway picture as it affects you .... as professional 
men, business men, voters, and just ordinary drivers. Do nothing 
about it-and your car will be crowded right off the roads-not next 
year-but tomorrow. Insist that solutions for the state's highway 
problems be found-and they'll be found even if additional revenues 
arc necessary. You know, those roads and streets you drive on aren't 
the statc's-'-nor the city's-they arc your roads. And-in the final 
analysis-what is done about them is up to you-the taxpayer and the 
motorist. I thank you. 
VIII. DEVELOPMENTS IN THE CONSTRuCTION FIELD 
c. :\I. HATHAWAY~· 
There is much to say in a short time; therefore it can only be 
outlined briefly at this time, and with very few of the intimate details. 
I shall deal with the subject from two viewpoints: (1) Types of con-
struction; (2) Equipment and materials. 
Beyond doubt the two outstanding developments in construction 
practice arc the present methods of handling earth, and secondary 
road construction, the latter referring to both the base courses and the 
so-called bituminous surfaces or mats. 
It is a far cry from the old familiar mule skinner, team of mules, 
and wheel scraper to a modern 25-cubic yard LcTourncau and the 
100 H.P. Diesel tractor, yet this change has in a sense completely 
revolutionized construction methods and daily production, as well as 
reduced the cost per cubic yard. Significantly, in spite of tighter 
specifications, selection of earth, longer haul and balance points, 
higher wage scales, particularly for skilled labor, the unit price of 
moving earth is today even less than it was 20 years ago. For example, 
I can recall bids on moving earth of anywhere from 50 cents to $1.00 
per cubic yard during the period just after the first world war (and 
in the period 1922 to 1932, 25 to 30 cents), with the slip scraper, the 
wheel scraper or the elevating grader, and the steam shovel, with the 
ordinary nrnlc-drivcn dump wagons, when the average production 
would not run over 3000 yards per week. Today a contractor can take 
a 200 000 cubic yard grading section with the expectation of com-
pleting it in three or four months and still having time for another 
job in the same season. It is hardly necessary to detail the classes of 
equipment in common use, but there is a type adapted for each 
particular job. Even the smaller sections, the long hauls, the wet and 
sticky soils, sand, and rock-each of these is carefully studied by the 
contractor before selecting his equipment and preparing his bid. Man 
and mules have given way to expert operators and machines. The 
complete motorization of earth-moving equipment appears nmY to 
have adapted itself to a job of any size and at prices which arc much 
better than those obtained in past years. 
Inadequate settlement of earth fills and consequent uneven pave-
ment are prevented by soil analysis, selection of satisfactory earth, 
*Enginf'(•I' of Construction, Illinois Division of Ilighwnys, Springfidd, Illinois. 
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watersoaking, optimum moisture, the Proctor test, disks and sheeps-
foot rollers-increasing the cost somewhat, yes-but insuring an all-
time stable subgrade for the pavement ,\·hich is to follow. There is 
still a place for discussion as to the economy and efficiency of all of 
these factors as applied to jobs where only an earth roadway or a 
secondary gravel or crushed stone road is to be built; yet it is my 
opinion that the extra cost of choosing suitable material and com-
pacting it according to the latest methods is quite justifiable on all 
rigid types as well as on those roads where we may be planning a 
crushed stone or gravel base course, contemplating a surface of a 
higher type. I can readily concede that as far as the counties are con-
cerned, \Vhcrc the ultin:iatc type of surfacing is to be of traffic bound 
gravel, it may be poor economy to insist on complete compaction 
methods; and some little judgment should be exercised in the design. 
For the past eight years the secondary road has presented a real 
problem to us all-on our own state system and even more so in every 
county in utilizing its M.F.T. funds. :Materials, methods, designs have 
been changed overnight and it seems that the final answer is not yet, 
but it is certain that we have developed many basic principles as a 
background for our future work. 
First, let us discuss the traffic bound crushed stone or gravel road, 
which to my mind is the type where the traffic will average from 100 
to 200 vehicles a day, and where there is largely the desire to get the 
farmer to market 365 days in the year. Local material, if available, 
should always be utilized even though it may require a special pro-
vision for gradation. A 3- to 4-inch (loose) depth of material \\·ill 
usually carry traffic adequately, having in mind that any soft spots 
which may develop may be corrected by the use of additional ma-
terials later on as required. Place in windrows-then spread-and 
maintain by blade or motor patrol under traffic until all the material 
is incorporated in the traveled way. A low cost road built without 
any frills, utilizing all local materials, is the answer for this typc-
an all-weather farm to market road. 
Should it develop in time that a higher type of surfacing is essen-
tial, you already have a stable subgrade and two to four inches of well 
compacted gravel or stone \vhich can be strengthened to the required 
thickness. 
The next stage introduces a granl or crushed stone base designed 
with the express idea of carrying reasonably heavy traffic-say 200 to 
700 vehicles a day-and the further intention of a bituminous sur-
facing of some type in the immediate future. In designing a road of 
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this character you must bear this in mind: no bituminous type will 
::-tand up unless it has a satisfactory base, and likewise in general 
almost any logical type of bituminous surfacing will stand up if it 
does have a satisfactory base. 
You will recall that four or five years ago we heard so much about 
the stabi}ized road-a special gradation of aggregate, a P-1, a clay 
content, and calcium chloride or salt on the surface. Many miles have 
been built by the state and still more, each year, by the counties. The 
design is still basically correct. It imposed special requirements on 
material companies to produce a certain definite gradation and a care-
ful study of this gradation in the application of the amount of clay 
required as a satisfactory binder. Naturally, the first operation was 
road mix, rather slow, with economy dependent upon the weather, 
location of a suitable clay, and the equipment available, and subject 
to the usual inaccuracies which arise with such methods. At once the 
equipment people met the situation with some very effective equip-
ment which would mix the material on the grade, and later plants 
which would mix the gravel, sand, and clay in the proper proportions 
with the calcium chloride incorporated. This resulted in considerable 
economy on the larger job, and even on the smaller ones the ingenuity 
of the contractor often produced an economic plant method, and in 
·either case the result was a very satisfactory gradation. 
So far as the calcium chloride is concerned, it has a distinct use; 
to keep the surface wet during the period of compaction, and later on 
under traffic it serves to a great extent to reduce the dust nuisance. 
Although it seems to have gone somewhat into disfavor in this state, it 
is still used largely in other states and should not be discounted 
entirely. Probably the bituminous surfaces discouraged its use. 
In the case of crushed stone, it was soon found that a proper pro-
portion and gradation of fines filled the same objective as the clay; 
thus it was possible to get the gradation at the plant, which eliminated 
either road or plant mix. As the situation stands at the present time, 
either crushed stone of proper gradation a.nd percentage of fines, or 
stabilized gravel, arc recognized, and the cost laid down on the 
subgrade is the governing factor. 
As I have said, throughout this period the development of accept-
able equipment has kept pace-in fact, it has oftentimes introduced 
new ideas of spreading, mixing, and compacting, leading to more 
economic construction as well as more accurate methods; and much 
credit is due the equipment men for their patience in listening to our 
whims and in making costly changes, some of which worked and 
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some didn't suit at all. Y ct, upon reflection, isn't it the same spirit 
that existed when we were developing concrete equipment 15 or 20 
years ago? 
To the material companies, too, who have made the necessary 
alterations in their plants to handle our demands, is due similar 
credit and their cooperation in this respect has been most commend-
able, especially while we were going through the process of changes 
in gradation and proportioning overnight. 
In certain sections of the state, local material, both gnwcl and 
stone, can be produced to meet the specifications; but there is always 
questionable economy in developing new plants due to the expensive 
equipment required, removal of the overburden, and finally a rather 
limited market within the economical hauling radius, so all in all it 
would appear today that the commercial plants arc able to furnish 
the aggregates for this type of construction just about as cheap as 
local deposits and more efficiently with a carefully studied gradation; 
this, of course, is taking the state by and large, and discounting the 
fact that there arc certain sections, especially in the northern part of 
the state, where local deposits of stone and gravel arc already well 
developed. Again economy prevails. 
Mention should be made of the soil-cement type, earth and oil, 
earth gravel and oil, and gravel stabilized with bituminous material. 
There have been two or three soil-cement jobs but they have not 
been built long enough for us to pass judgment. One thing is defi-
nitely certain-the soil-cement road must liaYe a bituminous top very 
soon after completion; otherwise traffic is apt to damage the surface 
and cause some expensive repair and maintenance work. These soil-
cemcnt jobs after being covered with a thin bituminous surface 
treatment seem to be showing up very well. The cost of this type, 
howcYcr, is not particularly in its fayor, although if enough of it were 
built to develop special equipment and construction methods, I am 
satisfied that we might get an appreciable reduction in cost. Certainly 
more experiments with this type arc recommended. 
·we haYe had oiled-earth roads for many years. You all know that 
in certain soils a surface application of oil year after year gives a 
year-round road, while in other cases the road will break up in the 
spring. I would now like to entertain the idea of scarifying the road 
an inch or two in depth, applying oil, mixing, and then compacting. 
I think that this may have been done by some counties. I belicYc 
that it has possibilities and suggest that someone might \rnnt to try 
it out. 
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"\Ve have read a good deal about mixing gravel, earth, and oil. 
Three years ago we tried out a section near Manito, about nine miles 
in length. It was a sandy soil which had to be stabilized with clay, 
then the resulting mixture was used 50 per cent with 50 per cent of 
local gravel, adding about % gallon of SC-3 oil per inch of thickness, 
and upon completion a seal coat of SC-8. The construction did not 
require any particularly unusual equipment, and, due to securing 
local aggregates, the cost was reasonably low-not over 55 cents per 
square yard. This road went through 1939 with a very nominal 
maintenance cost, and likewise through 1940. Some of it had to be 
scarified, reshaped, and sealed, but at a very low cost. The road 
carries over 500 vehicles a day and considerable hauling of farm 
products. Thus far I would consider it a success. At the present 
time I would not advocate any extensive adoption of this as a type 
but I believe that further experiments should be conducted, especially 
where local aggregate is available. 
Another method is the placing of a well-graded gravel or crushed 
stone base course in layers and mixing each layer with bituminous 
material-say, an SC-3 or an SC-5 oil, using about % gallon per 
inch of thickness. The state has built several of these roads, both by 
using all new material and by scarifying and adding to an old base. 
At the present time I would not venture to suggest that this type of 
construction is any better than the regular crushed stone or gnwcl 
base course, with the top two inches mixed with an SC-3 oil, such as is 
known as our present type A gravel or crushed stone. Probably some 
of the county men have had construction similar to this, and again 
I am not averse to further experimentation; in fact I recommend it. 
Unfortunately, on any of these types it takes more than a year or 
two to get results, so that a logical suggestion would be to try out a 
few such types each year, then gi,·c them careful observation, studying 
the maintenance cost, having in mind that after a period of about 
five or six years there might be some quite definite results. I don't 
think that you can build any road of this type and get the final 
answer in a year or two; neither should we condemn the whole 
proposition because one particular road goes to pieces. After all, bear 
in mind that during the period from 1919 to about 1927 we went 
through the same experience with Portland cement concrete and 
brick, and what seemed so uncertain then in construction methods 
is now an adopted practice based on experiment, discard, and 
correction: 
Next, \Yith a good road that you can drive at 50 miles an hour or 
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better, nobody likes the dust; furthermore, extensive experiments 
have shown that without the elimination of the dust there is a large 
wastage of the aggregate-it may be as much as % inch per year. 
Calcium chloride did get fair results but requires several applications 
per season. 
The dust nuisance and lower surface maintenance, more than any-
thing else, have led to the development of the bituminous surfacing, 
mats, and similar types which arc so prevalent now throughout the 
state, especially in the counties, and light traffic city streets. Inci-
dentally, "·c have on the state secondary system over 500 miles of 
the various types of bituminous roads. 
There are types and types galore, "one shot of oil," surface treat-
ments, oil mats ranging from road mix to the most carefully graded 
H and I types; and all grades of oil, asphalt, tars, and emulsions 
known to exist. A careful study leads to a conclusion that we do not 
yet have the answer except that, as stated previously, with reasonable 
care and a good solid base, any one of the various types of bituminous 
surfaces will generally give value received, and that the type selected 
should be influenced largely by the volume and weight of traffic and 
the purpose to be served. Some of our first experiments were with the 
A-I bituminous surfacing on stabilized gravel. In some cases these 
stood up remarkably well with only nominal maintenance, but in 
others there was failure very soon after construction. However, in 
practically each case this failure could be laid to the fact that the base 
course had not yet completely compacted, and in the spring of the 
year "·hen the surface began to yield under traffic the bituminous 
material was too brittle and thin to carry the load, and cracking and 
ultimate failure resulted. Some of these were only 3- to 4-inch bascs-
a proof that the thin base is out. l\Iore failures occurred along the 
edges clue to insufficient compaction of the base. This is usually an 
axiom-with blacktop, failure starts at the edges. 
Next the road mix was tried-and with reasonable success-all 
dependent, however, on the fact that the result was no better than the 
base course. Our present conclusion from several years' experience 
verified by studies in other states is that the logical way to build a 
bituminous surfacing or bituminous mat on a new gravel or crushed 
stone base is by stage construction whereby a temporary and cheap 
bituminous surfacing is applied at the time the base course is built, 
and then maintained for two or three years until all defects in sub-
gradc are eliminated and thorough compaction of the base assured. 
This idea led to the adoption of the present type A, which consists of 
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fin inches, compacted, of crushed stone or gravel and a 2-inch 
application of properly graded aggregate mixed with SC-3 or SC-5 
oil, about Yz to % gallon per inch thickness. This 2-ineh oil aggregate 
layer is distinctly not a bituminous mat, and the oil is not introduced 
so much as a binder, but rather to serve more or less the same purpose 
as the clay, to prevent capillary introduction of water, and hold the 
particles together. In effect it looks and acts like a bituminous 
surface, and may last two or three seasons or longer by a fog coat 
treatment CYi 0 gallon per square yard). Surface failures are easy 
to repair, the cost of construction is low, dust is prevented, there is 
no loss of materials due to wear or dust, and if subgrade or base 
failures cause rebuilding the base, the replacement of this oil-
aggregate layer is nominal. \Ve hope it may be the economical solu-
tion until a bituminous surface of the required design can be placed 
with reasonable assurance that there will be no ultimate failure due 
to subgrade or base conditions. 
Other methods along this same line have been a single shot of oil 
twice a year for the period until a satisfactory base is assured. 
Time prevents my going into the various types and classes of 
surfaces and mats, which is a subject by itself. \Vhether you build a 
so-called B-3, C-2, C-4, C-6, powdered asphalt, or one of the H, I, J 
types depends a good deal on the study of the existing surface, the 
local conditions, traffic requirements, and available funds. 
In this matter of blacktop construction there has been a most 
rapid development of equipment, and whereas in the technical maga-
zines we have read about, and have from our own experience followed 
out to a great extent, the road mix, it has always been my own con-
, tention that ultimately we should develop a method of mixing the 
bitumen with the aggregates which will be comparable \vith the 
methods and accuracy required for Portland cement concrete. 
Traveling plants are now used in many cases for mixing aggregate 
and bituminous material. The main advantage is the increase in pro-
duction and on larger jobs a decrease in the cost of mixing. The dis-
advantage is that if the material becomes wet it is necessary to spread 
it out on the subgrade and stir it until dry. Also there is not much 
better gradation than with road mixing. 
The trend in the last few years has been to get away from both 
road mixing and traveling plants, and go to central mixing plants 
with driers. The advantage with this type of equipment is control 
onr moisture and gradation which is not possible with the other 
methods. 
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In general when the lower types arc produced in a central mixing 
plant they are placed with a mechanical finishing machine. The 
Barber-Greene, the J acger, and the Adnun appear to be the most 
popular. None of these types require forms. 
True, the road mix may be the most economical for short sections, 
county or city especially-but now that good portable plants arc being 
developed, and more and more contractors are getting into the asphalt 
field, there may soon be an available plant within the economic 
hauling range·of almost any job, large or small. 
There have been several contracts let for resurfacing old concrete 
panmcnts in which forms and finishing machines have been specified. 
'" e believe these requirements will result in much smoother pave-
ments. A higher type of bituminous surfacing is preferable in resur-
facing old concrete than is used on the gravel or crushed stone bases 
referred to previously. 
Irrespective of the merits or the defects of the crushed stone or 
gravel road, it has developed one feature of highway construction 
which to my mind is of paramount importance, namely, a study of 
soil mechanics, introducing subdrainage, selection of a proper soil, and 
the like. The study of soils has been discussed for many years but 
no one really appreciated the inestimable damage which could be done 
until we began to develop construction on a non-rigid type of pave-
ment. In spite of the fact that we have not noticed it as much with 
our rigid types, I am satisfied that the lack of soil studies has prob-
ably cut down the economic life of many of our concrete pavements 
to a figure which would astound us. Since we have been giving a 
study to soils, drainage, etc., we liavc discovered many instances 
where poor subdrainage and unsatisfactory soil in the sub-base was 
the cause of breaking up of the concrete slab. A soil study is now a 
part of the design of every pavement section; and oftentimes ex-
pensive drainage, removal of old material, and placing of better dirt 
or even gravel or crushed stone aggregate is the answer, this applying 
equally to the rigid type, such as concrete, and to the secondary roads. 
At first glance it would appear that \\'e arc increasing the cost of our 
road enormously and without reason, but when you figure out the 
loss due to the reduction in the life of the pavement and the damage 
and maintenance cost, this higher first cost can be economically justi-
fied. The Division now has a special sub-bureau or section devoted 
to soils, and each district engineer is prepared to discuss soil conditions 
with you. Therefore, when problems of this character occur, I think 
that it is important that you get in touch with him. 
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Perhaps the changes in the higher types, such as concrete and 
brick pavements, are not as outstanding but both equipment and 
methods when viewed over a ten year period show that we are keeping 
up with the times. Several suggested changes are now in the air, 
namely: we feel that we can get a stronger concrete and a better 
mix by using three sizes of aggregate-that is, two sizes of coarse and 
one of fine. This will mean a little change for the material com-
panies but we do not believe it is serious, and for the contractor it 
will require only an extra storage bin; the vibration of the pavement 
concrete has been studied pretty carefully for the past few years, and 
we are of the opinion that it should be adopted during the coming 
year; the matter of expansion and contraction joints is a never-
encling source of discussion and I prefer not to enter into it at this 
time. 
In construction equipment, due to popular demand and larger 
hauling units, the 34-E paver and the dual drum have come into quite 
common use. l\fochanical concrete spreaders are coming into their 
own; the longitudinal float has become almost a necessity for smooth 
pavements, and the newer types of finishing machines are a far cry 
from the original design. Form tampers and mechanical subgraders 
have not only made their appearance but are quite common. During 
the past year there has been quite an epidemic of transit mixers, 
which are very satisfactory on culvert work, on sidewalks, and curb 
and gutter work; in my opinion they can even be used quite eco-
nomically on city construction o.f small magnitude, this particularly 
at intersections or widening where it is difficult to operate the ordinary 
mixer between the forms. Some method of standardization for this 
equipment must be adopted to insure concrete of the same quality as 
obtained by the regular standard type of mixer. Handling of cement 
in bulk is now quite common practice and several batchers are now 
on the market. 
The change in equipment and construction methods for culverts 
and bridges has just about kept pace with the equipment manu-
facturers and there has been no radical change. 
The use of structural I-beam floors has eliminated the expensive 
falsework required for the old type of concrete girder. Steel shell piles 
han been used with considerable favor, and their use will probably 
be continued. There has been quite a distinct change in the bridge 
rails, particularly for the scenic effect. The use of central mixing 
plants, transit mixers, and the like has become rather common, also 
the use of plyboard for forms. 
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If time permitted it might be possible to go into some of the eco-
nomics of the present design, with particular reference to the cost of 
gravel or crushed stone bases with bituminous mats or surfaces as 
compared with the rigid type pavements, both as applied to the 
secondary system and on resurfacing jobs. This might apply to city 
streets particularly, where the problem is whether to tear up the old 
pavement and replace with a standard rigid type, or whether the old 
pavement is strong enough for a resurfacing proposition at a more 
nominal cost. I am not inclined to favor reconstruction which will 
result in very heavy maintenance, but on the other hand I believe 
that we have become maintenance-conscious to the extent that many 
times we build a higher type of pavement than is economically justi-
fied by the traffic in order to eliminate a slightly higher maintenance 
cost. The whole problem must consider the life of the comparati,·e 
types, first cost, yearly maintenance, future replacement, and salvage 
value, after the present and future traffic requirements han been 
studied. 
For instance, we know from our records that the maintenance on a 
standard type concrete pavement is the lowest of any type. On the 
other hand, if a particular type of construction costs twice as much as 
another, the difference between the first cost of the two types as 
applied to maintenance charges over a period of years, with proper 
correction for salvage value at time of replacement, should give you 
some idea of the economic type to design. From the engineer's stand-
point there is some real thought on this very proposition, particularly 
as applied to the so-called secondary roads or enn the third-rate 
roads which the cities and counties are continually called upon to 
build and maintain. 
IX. USING SPECIAL ASSESSME~TS IN CITY WORK 
Ross HANSON* 
Although a petition is not required py the Local Improvement Act 
of the State of Illinois, the present Board of Local Improvements of 
the City of Champaign has maintained a policy of not initiating any 
public improvements wherein special taxes would be levied against the 
contiguous property without a petition. Only a petition signed by 
property owners will cause the Board to give consideration to the 
organization of a Local Improvement District wherein special taxes 
might be levied against real property to pay for the major costs of the 
proposed improvement. 
In Champaign the personnel of the Board of Local Improvements is 
identical with that of the City Council. The Secretary of the Board 
is one of its members-not the City Clerk who serves the Council. It is 
not required under the Act that the personnel of the Board of Local 
Improvements and the City Council be identical. 
Upon receipt of a petition, the Board requests the Engineer to 
submit a plan, accompanied by an estimate of cost, and thereupon the 
Board passes a resolution fixing a date for a public hearing. Notices 
arc sent out to the last taxpayers of each parcel of property contigu-
ous to the proposed improvement. The notice of public hearing must 
be sent out at least five days prior to the date set for the public 
hearing. 
At the public hearings in Champaign, much time and effort is 
sand for at least two reasons: 
(1) The Board's policy of not initiating a special assessment im-
provement without petition. 
(2) The Engineer's practice of conferring with property owners, 
or their representatives, on the proposed plan and estimate of cost-
particularly where there may be some unusual features to the plan. 
Following the public hearing the Board adopts a resolution ad-
hering to the original plan (plans and estimate of cost cannot be 
increased in excess of 20 per cent) and directs the attorney for the 
Board to prepare an ordinance for construction of the proposed im-
provement, said ordinance must include the plans, specifications and 
estimate of cost. The ordinance, with recommendations, is presented 
to the City Council for approval, and then placed on passage for a 
period of seven days. 
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The ordinance directs the attorney to file a petition 1vith the 
County Court praying for steps to be taken to levy a special assess-
ment. The Board then appoints a competent person as Assessment 
Commissioner. This appointment is approved by the Court, and the 
Commissioner proceeds to proportion the estimated cost of the pro-
posed improvement between the public and the property and appor-
tion the costs between the public and private property so that each 
shall bear its relative equitable proportion. 
Upon presentation to the Court of the assessment roll, as spread 
by the Commissioner, the Court is requested to set a date for the 
hearing of the assessment. Notices of the hearing arc sent to each 
person who paid the last general taxes on each lot and parcel assessed; 
also notices are given by posting and by publication once each week 
for two successive weeks, the first publication to be fifteen days prior 
to the date of the hearing. 
At the hearing on the assessment roll the Court reviews ( 1) whether 
or not any benefited property is omitted, (2) whether the assessment 
is a just distribution of cost between the public and property and, 
(3) whether the assessment is a just distribution between the parcels 
assessed. In result of this hearing the Court has the power to modify 
the assessment roll, in order to arrive at an equitable distribution of 
assessment between the public and property. At this hearing the court 
also approves or disapproves of the proceedings to date. 
Assuming the assessment roll is confirmed, the attorney advises the 
Board of Local Improvements and steps are then taken to let a con-
tract. This must be done within ninety days after confirmation of 
the assessment roll-otherwise the entire proceedings must be repeated. 
In 1938 two local improvement paving projects were set up to and 
including the confirmation of the assessment roll. Then the property 
owners, who had been largely in accord on the entire set-up, decided 
to defer letting of contracts in order to file applications for a P.W.A. 
grant for 45 per cent of the project cost. After a year's time notice was 
received that no further funds were available through P.W.A., and both 
projects were revived as local improvements and the jobs completed 
in the summer of 1940 at increased costs of approximately 30 per cent. 
Thus far, the various steps in special assessment proceedings, with-
out the use of funds of any other agency, has been shown-up to the 
point of executing the contract. At this stage in the proceedings, if 
the first assessment appears insufficient, the Board slrnll file a de-
ficiency estimate and a supplemental assessment shall Le made as 
nearly as possible in the same manner as the fir~t assessment. 
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Provided, however, that if the estimated deficiency shall exceed 
ten per cent of the original estimate, then no contract shall be awarded 
until a public hearing shall be had on said supplemental proceedings in 
like manner as in the original proceedings. 
"Where the improvement is to be constructed with the aid and 
assistance of the "\Yorks Progress Administration or any other Federal 
agency or other governmental agency after judgment of confirmation 
-if there appears a deficiency in assessments levied in excess of 10 
per cent of the original estimate, the municipality shall not proceed 
with the construction of the work until a new hearing has been held 
upon the levy of a special assessment to make up such deficiency." 
From this discussion, and doubtless from your personal experiences, 
it is obvious that a supplemental assessment is often needed in many 
local improvement projects-even where Federal agency funds are 
available. However, Illinois municipalities liave a source of funds 
which is very helpful in obviating supplemental assessments. The 
State's :\Iotor Fuel Tax Regulations permit the use of Motor Fuel Tax 
funds in the payinent of public benefits, as well as for construction 
purposes on any municipal improvement approved by the State's Di-
vision of Highways. 
Early in 1940, when the City of Champaign's :Motor Fuel Tax 
allotments approached the six figure mark, the Council conceived the 
idea that, instead of expending the sum entirely on a few projects, it 
\rnuld be sound practice to spread the funds over many projects. 
With over 20 miles, or nearly one-third of the City's streets, 
in an unpaved condition, and a large number of blocks of such 
streets in good residential sections where tax payments were good, the 
Council announced a policy of providing approximately 20 per cent 
of the cost of any paving project. This policy made available nearly 
twice the amount of public benefit funds that had ever been used on 
special assessment projects theretofore, encouraged property owners to 
petition for paving projects, and, when a project construction was 
concluded, if there was a deficiency in funds, said deficiency was made 
up not from any supplemental assessment against the property, but 
from a further appropriation out of the City's allotment of Motor 
Fuel Tax funds. So far, under the new order the City of Champaign's 
total appropriation on single residential street paving projects has 
not exceeded thirty per cent. 
The relations between the City of Champaign and the Highway 
officials have, during my incumbency, always been pleasant and har-
monious. Any reasonable requests the City has made in connection 
72 ILLI!\OI::l El\GI!\EEHING EXPEHI1IEKT STATIO~ 
with construction projects wherein part J\I.F.T. funds were used, 
have been granted by the Department. There arc two items in the 
State's pavement design standard which the Department firmly insists 
upon-minimum thickness and minimum width. There are a number 
of residential streets in Champaign, some of them dead-end, where-
on the traffic is light and will never be otherwise-because of other 
physical conditions. On such streets where the property owners are 
contributing from 70 to 80 per cent of the cost and not in excess of 
20 to 30 per cent of J\LF.T. funds arc used, it is sometimes difficult 
to convince the Court-in our Local Improvement proceedings-that 
our costs are economical and not excessive due to the impositions of 
the M.F.T. standards and policies. 
Generally speaking, the State's standards are based on sound design 
from experience over the State, but in our projects, where the property 
owner is bearing the major portion of the expense, local problems 
should be solved to meet local conditions and economies, and not 
solved on the basis of other communities where there may be other 
contributing factors. 
:More tolerance on the part of the State in its projects where only 
a small portion of M.F.T. funds arc used would be helpful in our Local 
Improvement proceedings. 
For mere reconstruction projects on business streets the Council's 
policy is to assume approximately 50 per cent of the cost because 
public benefits are considered to be larger; however, costs are larger 
because of necessities of widening, changing design policy to meet the 
demands of heavier traffic, modernization of street lighting systems, 
channelization and signals for traffic control, and many other things; 
and, due to these items being more beneficial to the general public 
than the abutting property, the City's contribution ranges all the way 
from 50 per cent to 90 per cent on our combination local improvement 
-M.F.T. projects. 
Generally, the City of Champaign's old Special Assessment projects 
lrnve been fairly well liquidated, the tax payment record is good over 
a greater portion of the City, and with the Council tendering a mini-
mum of 20 per cent of the cost of any public improvement where 
M.F.T. tax funds can be allocated-making for a reduced cost to the 
property owner compared with similar special assessment projects in 
the past-the property owners in many parts of the City, where public 
improvements are needed, are becoming public improvement conscious. 
With the present accumulation of the City's allotment of Motor 
Fuel Tax funds sufficient to take care of major reconstruction projects 
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where the public benefits arc greater than the property benefits, with 
the current monthly allotment of :Motor Fuel Tax funds providing 
enough funds for new pavement and accessories for thirty or more 
street blocks per year-and with the removal of the old supplemental 
assessment scare-crow by taking care of any deficiencies with Motor 
Fuel Tax funds-and eliminating the necessity of the City using tax 
money to pay public benefits, the City officials arc in a strategic 
position to offer a permanent continuous program for public improve-
ments through the set-up of Special Asscssmcnt-l\Iotor Fuel Tax 
projects. 
X. THE FORGOTTEN ROAD-EARTH 
LEWIS E. BARENFANGER* 
I believe we have neglected in our technical discussions that oldest 
and omni-present structure-the earth road. I believe much thought, 
observation and research could be used to very good advantage in 
trying to eliminate some of the well known defects of the earth road, 
keeping in mind all the time that the prime requirement is to keep the 
cost down. 
We all know that good drainage is necessary for the well being 
of any road. This is especially true of an earth road. However, I 
believe that there is often a tendency to lightly grade earth roads 
when drainage is already satisfactory. I believe it is a waste of money 
to clean out the ditches every year on an earth road. Leave them alone 
if the drainage is doing the job. 
I believe the most economical and efficacious way of improving an 
earth road is by oil treating the surface. Since oil treating an earth 
road is an ever re-curring process, in my opinion the process should 
be considered as maintenance rather than construction. 
This oil treatment does two things, (1) places a roof over the sub-
grade; (2) stabilizes the soil particles to the depth of the penetration 
of the oil, presumably by surrounding each soil grain with a minute 
film of bitumen. 
From this, one ·would deduce that this stabilization process should 
progress each year as the procedure of scarifying and re-oiling is re-
peated. This has been my observation. 
\Ve have had excellent results using road oil to treat earth roads 
in Marion County. I think this method of treatment is especially indi-
cated where there arc no local deposits of gravel or stone. This treat-
ment is essentially for lightly-traveled roads, but it is my obserrntion 
that an oil-treated road will take as much traffic as a crushed stone or 
gravel road. 
A classical example of what an oil road will take occurred in our 
county a couple of years ago. In .June of 1938 there was discovered 
one of the most prolific oil fields in the world known as the Lake Cen-
tralia Oil Field, according to the Centralia Evening Sentinel, or the 
Salem Oil Field, as it appears in the Salem Republican. The County 
has an oil road 4Y:? miles long, Sec. 17-M.F.T. leading to the heart of 
*County Superintendent of Highways, l\Iarion County, Illinois. 
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this oil field. The section had been completed in 1937, and was con-
structed with one application of Y:? gallon per sq. yd., followed by a 
% gallon application about a month later. 
The next year just after the discovery well came in the road was 
scarified and bladed and an application of ~ gallon per sq. yd. was 
made. Development spread like wild fire, and in a short time all of 
Oklahoma and half of Texas were plying their trade along the road. 
Oil-field traffic consists of exceedingly heavy loads. The road carried 
the traffic satisfactorily all the winter of 1938-1939. At that time 
there averaged at least from 2500 to 3000 vehicles per day over 
this road. In May of 1939 about 1000 feet of the road failed. I found 
later from one of the old natives that the part that failed' was an old 
lake bed. I am still at a loss to know why it failed in May instead 
of February. 
The road was re-oiled in the summer of 1939, but, due to the impos-
sibility of keeping traffic off the road while re-oiling operations were 
under way, the work was not very satisfactory. 
The road continued to carry traffic even though it was exceedingly 
rough up until February, 1940. At that time the south three miles 
went out of sight. It must be said that the failure was due in a large 
part to Crawler Tractors pulling loads in and out from the various 
leases where a Devonian drilling campaign was being conducted. In 
February 1940, 5000 vehicles per day mond over the north end of the 
road (which did not fail) as shown by a count made by the State 
Highway Department. Parenthetically speaking, Salem Township 
voted bonds to make a concrete highway into the field. The County 
constructed the new highway last summer. 
Our practice in Marion County when oiling a road for the first 
time is to apply the oil at the rate of Y:? gallon per sq. yd., and follow 
this .with another application of J.! gallon per sq. yd. about a month 
or six weeks later. In re-oiling the road the next year we apply ~ 
gallon per sq. yd., and in ensuing years decrease that amount of oil 
applied as our judgment indicates. 
I believe the secret in obtaining successful results from oil-treating 
earth roads lies in the proper preparation of the sub-grade. In re-
oiling, the sub-grade should be scarified to a depth of two inches or 
more, then thoroughly pulverized by discing and blading. The sub-
grade should then be bladed and rolled with either a pneumatic tired 
roller or a smooth roller. This work should be done in short sections so 
that the scarified oil crust will not leave the damp earth exposed so 
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long that it "·ill be dried out. After the blading and rolling the mois-
ture will be scaled in. 
This is very important, as a dusty sub-grade has no affinity for oil. 
The ideal sub-grade should be damp before applying the oil. Some 
counties, I understand, go to the expense of sprinkling the sub-grade 
immediately prior to oiling. Immediately before the oil is applied we 
blade the loose earth to windrows . .Just before the road is opened to 
traffic this small windrow is bladed back over the road to blot up 
any surplus oil. This operation requires a highly-skilled motor patrol 
blade operator, as the windrow should be spread back on the road at 
a mere skin thickness. 
In preparing the sub-grade for oil we use the following equipment: 
One 40 H.P. tractor and scarifier 
One 1 Y:i ton truck and disc 
One 1 Y:i ton truck and roller 
Two motor patrol graders 
·with this equipment we arc able to prepare two miles of sub-grade 
for re-oiling per day. 
\Y c use either E-3 road oil or SC-3 liquid asphalt for bitumen; 
some counties prefer an E-2 road oil. After the road has been oiled it 
should be kept closed to traffic until the traffic will not pick up the oil. 
\Y c have found it pays to expend quite an effort in proper barricading 
' and marking the road while it is closed. 
The costs of this type of road naturally vary with the amounts 
of oil applied and the amount of care taken in preparing the sub-
grade. The oiling of a road 18 feet wide for the first time will require 
8000 gallons of oil per mile. Oil at 6¢ per gallon \rnuld cost $480.00 
per mile. 
To prepare a road for re-oiling using the equipment as outlined, 
allowing a fair rental rate on the equipn1ent, costs approximately 
$50.00 per mile, including the cost of building barricades. 
There arc several little maintenance tricks which we liaYc found 
Yaluablc. In October a Ycry light coat of oil 9 feet wide down the 
center puts the road in excellent condition for winter. Pot holes can 
be patched in the late fall by pouring a little oil in the hole, blotting it 
\Yith sand and then coYcring the sand \Yith a little dirt from the 
shoulders. On Ycry lightly trawled roads traffic can be serYcd by 
spreading oil 9 feet wide. 
I haYc learned the foregoing particulars from observation and 
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study, but I don't think we really know nry much about an oiled 
earth road. ·what are the answers to these following questions? 
(1) What is the best type of oil to use for a given soil? 
(2) Why do some soils react so fayorably to road oil that the oiled 
road actually looks like a sheet of asphalt road? 
(3) Why is a good job obtained some years, and other years, the 
same practice being followed, a mediocre job results? 
·why do not soil technicians help us on some of these questions? I 
think the answers to some of these arc to be found in the laboratory 
before they arc in the field. 
XI. PUBLIC HIGHWAYS A~D EROSION CONTROL 
J. S. GLASS* 
The problems encountered in effectively handling run-off waters 
from the land have been too difficult of solution for past civilizations 
in many parts of the world. \Ve have as evidence of man's failure 
to meet these problems the buried cities of Asia, Africa, and South 
America. 
It is now thousands of years since these ancient towns and cities 
were inhabited, and the lands adjacent to them pastured or cultivated. 
Thousands of years have passed since the roads between these cities 
were busy with the traffic of the time. Excavations and some surface 
remnants indicate the feeble efforts to control "the run-off waters from 
the land." Individual efforts were not enough more than two thousand 
years ago, and they arc not enough today. Where government or com-
munity effort was applied to the problem, it usually was disrupted by 
war, and economic or social change. 
Xearly 200 years ago Gco.rgc ·washington wrote: "We ruin the 
lands that arc already cleared and either cut down more wood, if we 
have it, or emigrate into the western country ..... A half, a third 
or even a fourth of what land we mangle, well wrought and properly 
dressed, would produce more than the whole under our system of man-
agement; yet such is the force of habit, that "·e cannot depart from it." 
Speaking before the Virginia Assembly in 1777, Patrick Henry 
said, "Since the achievement of our independence, he is the greatest 
patriot who stops the most gullies." The agricultural population of 
the south and eastern part of our country was beginning to experience 
. trouble in "handling run-off water from the land." Land occupancy 
that flourished under the false name of development is today more 
correctly recognized as exploitation. 
How badly have we used the land? I have some difficulty formu-
lating the picture to my satisfaction, when I am told that we have 
100 million acres or more of farm land in the United States that is 
so badly damaged by erosion that it probably will never be used 
again. But when I dig into delinquent tax records, and crop land 
records of one of our mid-western states, and find that in the short 
span of one decade crop-producing acreage was reduced, no crops were 
grown, and no taxes were paid, on an area equal to the total cultivated 
*Assistant to Chief Engineer, U. S. Conservation Serdce, Region 5, ::\IilwaukPe, \Yisconsin. 
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area of five of the best producing counties of that state, I begin to 
recognize to some degree just what our failure to "handle the run-off 
waters from the land," means to this country. H. H. Bennett, chief of 
the Soil Conservation Service, says that erosion is damaging highways 
to the extent of 180 million dollars a year. This and other damages 
total $3 844 000 000 a year. 
Soon after the turn of the twentieth century, definite interest in 
erosion control began to develop. Folks began to want to do something 
about "handling the run-off waters from the land." Streams were 
silting, power dams were backed up by a sea of mud. Farm land was 
not so plentiful, old land had to be used again. 
The year 1914 brought the Agricultural Extension Service into 
existence. Individuals were assisted in doing something about the 
problem. H. H. Bennett, now chief of the Soil Conservation Service, 
wrote "Soil Erosion, a National Menace,'' and traveled the country 
over speaking on that subject, and the Soil Erosion Experiment Sta-
tions were set up in problem regions of the United States. 
In 1933 collective effort on a large scale was first directed toward 
erosion control. The Soil Erosion Service was established by Congress 
under the Department of the Interior. In 1935 its name was changed 
to the Soil Conservation Service, and it became a regular bureau of 
the United States Department of Agriculture, authorized to do re-
search \York and to disseminate information regarding erosion control. 
The research work and demonstrational activities of the Service are 
carried on cooperatively with Agricultural Experiment Stations, Ex-
tension Services of state colleges, state highway departments, and with 
other federal and state agencies. 
The soil conservation program has been demonstrated in project 
and CCC camp demonstrations. The Service is now giving assistance 
to soil conservation districts organized under state enabling laws. The 
program calls for a complete plan covering every acre of the farm, 
including use of steep or badly eroded land for woodland, sloping land 
in meadow, and rotations including legumes on cropland, contour till-
age, strip cropping, terracing, grassed waterways, and other practices 
to slow down runoff and check erosion. 
The necessity for close cooperation with highway organizations was 
recognized early because runoff water and erosion know no man-made 
boundaries. The Memorandum of Understanding between the Soil 
Conservation Service and Bureau of Public Roads, signed in 1936, 
cleared the way for an activity that has developed rapidly since 
that time. 
80 ILLINOIS ENGINEERING EXPERIMENT STATION 
Agreements and memoranda of understanding are now in effect 
with each of the state highway departments in region 5, which includes 
:\Iinnesota, Wisconsin, Illinois, Missouri, and Iowa. 
In September 1940 we drew up Job Description and Plan of Oper-
ations for Erosion Control Along Highways with each district office 
of the Public Roads Administration. This Job Description and Plan 
of Operations materially increases the possibilities for cooperative 
acfo·ities. 
Soil erosion not only destroys land, damages roads, fills streams 
and lakes-it does something to people. I could give you a lot of fig-
ures, some actual measurements, others just estimates of the damages 
done to the land, but I can't tell you in pounds or tons or dollars what 
soil erosion does to man. But I once drove down an eroded old country 
road, with the adjacent fields sloughing thin surfaces into the road-
side ditch. We came to a dilapidated, patched-up bridge, and finally 
a farmstead equally dilapidated. A man, a woman, and their children 
once called this place home. Failure to control the run-off from the 
land left the old farmstead surrounded by its gutted fields at the end 
of the unkept public road. Poor roads, poor land, poor people. Where 
we find one, most often the other two are present. 
On the other hand, strong soil properly used makes possible pros-
perous families in happy prosperous communities. 
(Mr. Glass illustrated his talk with colored slides illustrating 
erosion damage to farmers and public property, the value of soil con-
serYation, and various erosion-control practices, including engineering 
structures.) 
XII. W.P.A. PROCEDURES FOR HIGHWAYS 
P. c. WILL* 
First, permit me to thank Professor Wiley for the invitation to 
participate in this program. 
It is quite right and proper that W.P.A. be a part of this highway 
conference. Slightly more than 38 per cent of all W.P.A. funds ex-
pended in Illinois has gone into the construction of highways, roads, 
and streets. 
I have been asked to discuss W.P.A. procedures for highways, par-
ticularly as they relate to county-wide projects. 
In glancing over the program of these several days, I am convinced 
that Professor Wiley has selected about the most difficult subject for 
me to discuss. It is a hard job to dramatize a set of regulations. 
However, I'll promise you that the time I am about to take on that 
subject will be extremely limited. 
The county-wide type of highway project was developed through 
necessity. ,V.P.A. costs for administration are related to two factors: 
first, the number of projects which are placed into operation, and, 
:::econd, the number of workers employed. The volume of accounting 
and controls is directly related to the number of separate projects 
"·hich are placed into operation. In our program each operating 
project is a :::eparate account. The funds available for administrative 
expenses are fixed by Congress in the Relief Appropriation Act, and 
the amount of these funds has been steadily reduced over the past 
:::evcral years. It was therefore necessary to develop methods whereby 
the number of operating projects could be considerably reduced. One 
method was the development of the county-wide highway project. By 
this method the number of operating highway, road, and street projects 
has been reduced approximately 60 per cent. 
Under the county-wide highway project official sponsorship is ob-
tained through either the County Board of Supervisors or the County 
Highway Department. Included as possible co-sponsors of the county-
"·idc project arc all cities and villages of less than 15 000 population, 
and all to'.vnships or road districts in the county. These co-sponsors 
do not extend sponsorship for the project at the time the project ap-
plication is filed with the W.P.A. The names of the various cities, 
villages and townships are listed in the application, so that authority 
*State Director of Operations, Work Projects Administration of Illinois, Springfield, Illinois. 
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can be granted for constructing any work for which they may make 
application at some future date. Proper sponsorship by the co-sponsors 
is secured by virtue of a delegation of authority to the official sponsor 
to permit the construction of the improvement on the roads or streets 
which are under the jurisdiction of the co-sponsor. This delegation of 
authority in no way endangers the co-sponsor's authority or jurisdic-
tion over the road or street. 
At the time the county-wide blanket project application is filed 
no definite plan of operation need be submitted. The scope of the 
project is generally designed to provide funds for approximately a one 
year program of operation at such level of employment as the "\V.P.A. 
anticipates can be maintained in the county. The approval of the 
county-wide project application gives authority to expend Federal 
funds in any of the municipalities or townships or road districts within 
the county which may make application for W.P.A. assistance. 
Work other than actual road or highway improvement which may 
be included in a county-wide highway project includes sidewalks, 
storm drainage, highway landscaping, hedge removal, the construc-
tion and moving of fences where it can be shown that the public re-
ceives the major benefit for the work on fences, and the construction 
of sanitary sewers and water mains in streets which are to be im-
proved under the project. The latter provision is to permit the com-
plete construction of the street surface improvement, and insure 
against future disturbance of surface because of possible sanitary 
sewer or water main extensions. 
The project application must be processed through the W.P.A. 
state, regional and "\Vashington offices and must be approved by the 
President before any funds may be expended. 
Subsequent to approval, actual operation of the project is con-
trolled entirely within the W.P.A. state and district organizations. 
This control is through approval, by the State Administrator, of de-
tailed work schedules which outline: ( 1) the total funds required, 
both federal and sponsor, (2) the number of workers required, (3) the 
materials and equipment required, and ( 4) the items and quantities 
of work included in the proposed work. The work covered by such a 
schedule is known as a project unit. The schedules for a project unit 
are prepared by the sponsor, or co-sponsor, with assistance from 
"\V.P.A. engineers or superintendents. The schedules must cover defi-
nite items of work at definite locations. 
After preparation of the work schedules the sponsor or co-sponsor 
transmits them to the "\V.P.A. district office, together with a Sponsor's 
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Work Order and Certificate. This work order makes request for the 
release of the project unit for operation. It gives a statement of the 
status of the property on which the improvement is constructed, that 
is, whether the property is owned by the public, and whether there is 
any private property involved; it gives a statement as to the avail-
ability of the sponsor's funds, and it serves as a transmittal of the 
work schedules and plans for the improvement. Both the work sched-
ules and the Sponsor's \York Order and Certificate arc prepared on 
printed forms furnished by the W.P.A. 
The sponsor and co-sponsor are required to sign the forms in the 
spaces provided. Before approval by the W.P.A. district office of 
the papers submitted by the sponsor, it is required that an engineer 
on the W.P.A. administrative staff make a plan-in-hand inspection 
of the site of the proposed work, and, if the work qualifies under the 
regulations, he is required to execute a certificate to that effect. 
Upon approval of the schedules in the district office, they are trans-
mitted to the W.P.A. state office, where the schedules and plans and 
other documents arc reviewed for engineering soundness and eligibility 
under the regulations. If everything is found to be in order the sched-
ules are approved and the "\V.P.A. State Administrator issues authority 
to expend federal funds in the amount set forth in the work schedules. 
The unit may thereupon be placed into operation. 
Supervision of the work is attained through a general superintend-
ent who is in charge of all units of the county-wide project. Each unit 
is placed in charge of an assistant superintendent or foreman, de-
pending on its size. Accounting of expenditures by each of the units 
is done in the county-wide project headquarters. Cost reports arc pre-
pared each month which shmv the cost of each item of work, and also 
show the expenditures made for each unit and for the entire project. 
These cost reports arc processed through the W.P.A. district and 
state offices and these arc checked against the original project and 
unit authorizations to sec that improper expenditures arc not made. 
The W.P.A. area engineer is charged with the responsibility of peri-
odically checking the project bookkeeping to determine that proper 
methods arc being followed. 
The size of the county-wide projects varies considerably from the 
one in Cook County, which operates with 45 separate units, to some 
in the smaller counties which at present operate with only one unit. 
Operations under the county-wide highway-type projects have now 
been carried on for approximately 18 months. This plan of operation 
has been extremely successful. In addition to relieving the administra-
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tivc staff of an impossible burden of work, it has added to the flexi-
bility in the use of W.P.A. labor. If workers arc temporarily not 
needed on one unit, they may be immediately moved to another loca-
tion; thus safeguarding the earnings of the workers and insuring the 
more efficient use of labor. It also permits the more flexible and com-
plete use of federally owned or rented equipment, and permits pur-
chasing in larger quantities of federal materials for use on a number 
of units, which frequently results in lower prices, thus effecting a 
saving in public funds. The plan also has resulted in better planning 
of the entire W.P.A. road construction program, which has resulted 
quite generally in reduced costs per unit of work, and increased ef-
ficiency of the workers. 
Now, I should like to get a little closer to the things which you, 
as sponsors of \V.P.A. projects, encounter from day to day, and those 
are the demands made upon you by our \V.P.A. men in the field for 
plans and specifications. 
Several years ago, the late Colonel Harrington, then Chief Engi-
neer of the W.P.A., established a principle which has been mentioned 
before, and that was that W.P.A. work must be planned, and the 
plan must be laid out for definite items of work at definite locations. 
This also means plans and specifications. W c don't have much to com-
plain about in dealing with the County Highway Department in this 
matter, but we do have considerable difficulty in our township road 
programs. Some township road commissioners arc pretty sound in their 
thinking in knowing what kind of a road to build, but all too many 
of them are not. A good many think they know something about road 
construction, but actually, they don't. These road commissioners have 
asked us to build roads on right-of-ways that are as narrow as 20 
feet; also, we have been asked to build drainage with ditches vertical 
"side slopes." Also, the road commissioners have furnished us with 
exceedingly inferior surfacing material, some of it little better than 
sand, others consisting entirely of an extremely coarse gravel. 
Early in the \V.P.A. program, a good many roads were constructed 
under these conditions. Naturally, they did not last. The erosion that 
had to happen ruined the ditches, and because the narrow right-of-
ways would not permit the construction of shoulders, the road itself 
was attacked, and because of the inferior surfacing material used, it 
also failed. 
In an effort to retain a higher standard of construction in the town-
ship road program, the W.P.A. in this state has from time to time 
issued regulations requiring such things as minimum standards for 
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right-of-way widths, minimum widths of road surfacing, and recently 
one that requires that road surfacing stone and gravel must conform 
to the specifications of the State Highway Department for such ma-
terials. We have had some argument about the application of these 
regulations, but we intend to "stick to our guns" in the enforcement 
of them, .for we believe that the application of these regulations is 
necessary to eliminate some of the extremely haphazard construction 
which we have been called upon to do in the past. We feel the tax-
payer, whose money we are spending, deserves the best road which we 
can give him for the funds available to the sponsor and to the W.P.A. 
XIII. ECOi\Ol\:IICS 
C. c. \VILEY* 
Economics, like Charity, seems to cover a multitude of sins. Or, 
like the Scriptures, anything can be proved by it. 
All too often economics appears to be the plea in defense of bad 
judgment, mistakes, and even blunders. Frequently someone by 
means of "economics" proves beyond the shadow of a doubt that 
some pct idea is sound. At the same time someone else, also by 
"economics," proves equally well that the same idea is all wrong. 
Probably the basic reason for this unfortunate and confusing sit-
uation is that the term "economics" is subject to so many different 
interpretations. Consequently, by choosing a suitable definition and 
making suitable assumptions, the answer can be made to be whatever 
is desired. Often it appears that economics is used to substantiate 
some preconceived notion rather than to determine what the notion 
should actually be. 
Economics is supposed to be a science. As such it must be founded 
on facts which must be organized and classified so as to establish 
fundamental principles. Until the facts arc known it is permissible 
to make assumptions, but as soon as the facts arc learned they must 
replace the assumptions if correct conclusions arc to be obtained. 
Not even an "economist" is entitled to take the stand of the old pro-
fessor who after lecturing for three long hours on his new theory 
wound up in these words, "Do the facts agree with the theory? ?\o ! 
Then so much the worse for the facts." 
According to the dictionary, economics originally meant the science 
or art of household or domestic management but this meaning has 
been so long lost that our colleges now give courses in "home eco-
nomics." Note that this definition uses the word "management" not 
"finances." Finances, however, liavc been so much emphasized that 
today finances and economics arc often confused with each other, and 
the result is only glorified bookkeeping. 
Perhaps some of you took a college course in economics and "·ere 
confronted 'vith the awe-inspiring statement that economics is the 
science that treats of the production, distribution, and consumption 
of wealth. It is likely that you went through the semester and came 
to the final examination without the ghost of an idea of what it was 
*Professor of Civil Engineering, University of Illinois. 
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all about. Perhaps your professor did too, but he would not admit it 
and you had no way of proving it on him as he did on you. 
Out of the jumble of vague and conflicting meanings it seems that, 
so far as the engineer is concerned, economics is simply the relation 
between cost and value. The arguments then come over what is 
included in the item of cost and what constitutes value. Here again 
finances take the stage and all too often economics degenerates into 
a mere discussion of monetary matters to the exclusion of intangible 
items of cost and value which may even exceed the pecuniary aspects. 
Forty years ago the Bureau of Public Roads spent much of its 
effort in preaching the doctrine that rural road improvements could 
be paid for from the savings in the costs of hauling, and that all of the 
social and other intangible benefits of good roads would thus be 
obtained at no monetary cost. Today, many of our highway econ-
omists also say that the improvements may be paid for from the 
savings in transportation costs, but go so far as to say that unless this 
is the case the improvement is not justified. They seem to have will-
fully or ignorantly ignored what the Bureau has always emphasized, 
namely, the intangible benefits which as items of value often tran-
scend the monetary advantages. 
So-called economics often goes astray through glaring inconsist-
encies in applying the fundamental principles to different conditions 
or by drawing conclusions not justified by the premises. Take, for 
example, the Jones and Smith families. Both like beef, but Jones is 
wealthy, while Smith must carefully watch the family budget. The 
Jones family sits down to a dinner of porterhouse steak prepared •vi th 
all the condiments and trimmings that culinary skill can supply. The 
meal is delicious, nourishing, and satisfying to both the body and the 
pride. The cost is considerable in money but in nothing else to them. 
At the Smith house the family sits down to a tasty, appetizing dish 
of beef stew. It is just as nourishing and satisfying to the body as 
porterhouse. It costs less in money but involves some cost in pride, 
for stew has no prestige. It is just stew, but at that it is beef. The 
point, however, is that no one tries to compel the Smiths to buy 
porterhouse and then to prove to them that beef is not economical and 
that they should eat salt pork. They know that they cannot afford 
porterhouse and hence are content to have stew, which they know 
they can afford, and they abhor salt pork of which they have already 
had more than enough. 
But what has this to do with highways? Just this. Consider the 
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state that must build a heavy duty road and has a predelection for 
concrete pavements. It designs a wide, heavy slab, and probably trims 
it up with all the frills and gadgets that a little engineering and a lot 
of distorted imagination or high pressure salesmanship can suggest. 
It is a magnificent road and justifies its cost both in service and in 
state pride. 
Now comes a county. It also has a liking for concrete, but its 
traffic is lighter. Consequently it proposes a slab of less width and 
thickness and without the frills. But a higher authority says it can-
not have that. It says that if concrete is to be used it must be built 
like the state's superhighway, and then attempts to prove that concrete 
is not economical for the county road, and that doped gravel, which 
the county doesn't like, should be used. Someone invented stew so 
that the poor man might have beef as well as the rich man. Someone 
must invent a type of concrete that fits the county road. Until it is 
shown that such is impossible, economics has no right to try to prove 
that concrete is not economical. 
Engineering discussions are often prefaced with the words, "other 
things being equal" which are immediately forgotten and conditions 
are set up in which the "other things" arc anything but equal and 
often not even comparable. The conclusions are generally wrong. I 
once read an article in which an "economist" proved by means of 
data obtained on the Boston Post Road that a proposed improvement 
in a midwest state was not economically justified. The conditions 
were so unlike that by no stretch of logic could the data from one be 
made applicable to the other. In fact, any kind of improvement that 
the people could finance and which would get them out of the sea of 
black mud was economically sound when all items of cost and value 
were considered. 
The Bureau of Public Roads, in the activities previously men-
tioned, used the words "good investment" because the value received 
would be so great compared with the cost. Highway economists seem 
to have pounced on the term as a delectable tidbit but, ignoring the 
intangible benefits which the Bureau always emphasized, have 
wandered away into the mythical realms of the "mathematical theory 
of investments." Formulas have been evolved that would gladden the 
hearts of the founders of the Ancient and Ignoble Order of Formula 
Hounds and which, when applied, yield fictitious results. 
Evidently they have assumed that highway expenditures may or 
should be treated as capital investments, and hence that the ."time 
rnlue of money" should be included. They have obviously ignored the 
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fact that road funds are not capital. Capital can consist only of such 
funds as are not required for necessities and over which the possessor 
has complete option as to how they shall be used. We build and 
operate highways for the public from funds obtained from the public 
through taxes levied by government. Taxes are collected only for 
current expenditures, and are earmarked at the outset for specific 
purposes. Government has no option on using road funds for any-
thing but roads. Thus government becomes merely a purchasing 
agent for the public. But to purchase wisely it may be desirable to 
borrow money, and government is ari inveterate borrower. Because 
the borrowed sums are often large it seems that the erroneous idea 
has developed that they are capital. They may be capital to the bond 
buyer, but they are just anticipated taxes to government. 
No taxpayer, large or small, ever considers his taxes as capital 
or charges them to his capital account. They are always charged as 
expenses. The taxpayer has no option about paying them and hence 
has no possibility of using them otherwise. And yet our economists 
make such absurd statements as "had the individual used the money 
to buy interest-bearing securities instead of for taxes" and on this 
assumption base their whole theory of applying interest to road costs. 
Do the facts agree with the theory? ·what do you think? 
We cannot spend more time in discussing this matter here, but 
I would like to point out that the theory further assumes that such 
investments as the taxpayer might make if he had the power are 100 
per cent safe and that he is always able to make such investments. 
The majority of taxpayers pay taxes in such small amounts that 
they would have to accumulate them over a period of time in order 
to have the minimum sum needed to make an investment and thus 
there is an interest loss. And, furthermore, just what safe and sure 
investments are available to him at anything like the interest rates 
the economists usually employ? 
If any of you are further interested in this matter I would suggest 
that you read the paper by Dean Thomas R. Agg of Iowa State 
College, entitled "Estimating the Economic Value of Proposed High-
way Expenditures,'' in the Proceedings of the American Society of 
Civil Engineers for September, 1933, and also the discussions of this 
paper in several later issues.* 
I crave, however, to call attention to Dean Agg's statement, 
"Meanwhile, each individual may gainfully invest the money he will 
contribute later to the road-bond fund, and if he is thrifty he can 
*Also published in Transactions of A.S.C.E. for 1934, pp. 1124-1154. 
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cause the money to earn as much interest as he will later pay; for 
example, he may purchase a road bond." Sounds plausible, doesn't it? 
But is it? There might be something in the argument if the individual 
had all the money he will eventually contribute in one sum now. But 
he doesn't have it. He contributes to the road fund currently from 
current income, both principal and interest, and no matter how thrifty 
he is, how can he possibly find safe investments at equivalent interest 
rates for these small sums contributed ad seriatum'? It just can't be 
done. But most of all I would like to know how he could buy a road 
bond with his tax money when l.t is absolutely essential that the taxes 
be paid in order that the government be able to issue the bonds. 
Think it over. 
This interest theory of computing pavement costs has one very 
doubtful advantage that seems to be freely used. By proper manipu-
lation it can be made to camouflage or even to hide the high main-
tenance and repair costs of a low type of pavement as compared with 
a high type. Strip the false interest, interest that is never paid, is 
never collectable, and which exists only in the imagination, from the 
computations and the real comparison stands out in stark reality. 
At the same time this method has a very real disadvantage. It 
simply cannot be explained to the general run of humanity, nor can 
the ordinary man be convinced of the correctness. Spring such a 
computation on one of your township commissioners and he will come 
out with his books and show you in cold figures that his roads did 
not cost anything like the amount you state. Who's figures arc right'? 
Or, compute such costs and make up your road budget on them as 
a basis, and then try to get such an appropriation from the legislature 
or your county board and see just how far you get. Again, do the facts 
agree with the theory? It seems that we may be doing too much 
figuring and not enough thinking. 
An engineer is supposed to be level-headed, and to revel in cold 
clear facts. How then does it happen that he is taken in by all these 
weird hypotheses? Probably because he is so busy building and 
operating the highways that he just hasn't had either the time or 
inclination to take the theories apart to see what makes them 
"tick"-if they do. He just lets someone do the figuring and lets it 
go at that. Perhaps the engineer should give more attention to the 
economics of highways himself. If he did he would probably be con-
vinced that a little knowledge is a dangerous thing. 
Big black Sambo got a job in a sawmill. The boss casually 
warned him against getting too close to the big saw. A few minutes 
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later the boss found Samba in front of the saw holding up his hand 
with the forefinger neatly cut off. He asked Samba what happened, 
to which Samba replied as he stretched his hand towards the humming 
edge of the saw, "Why boss I was jest going to-Oh Lawdy, Lawdy, 
Dere's anudder one done gone." 
So, gentlemen, perhaps you should be warned against monkeying 
with the economics buzz saw. It is dangerous. But if you just must 
tamper with it take due precautions. Study how the machine is put 
together and how it may be made to work better. Then maybe the 
thing will do a proper job. 
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